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v e T | Summary of Safety |ssues Related To
' FMWSS No. 207, Seating Systens

l. | NTRCDUCTI ON

The purpose of this report is to sumarize recent work on the
safety 1ssues related to the Federal Mtor Vehicle Safety
Standard (FM/SS) No. 207, "Seating Systems."™ This technical
report has been prepared in support of the notice published in

. the Federal Register by the National H ghway Traffic Safety
Admi ni stration (NHTSA) concerning FMWSS No. 207. This report
first reviews the background and requirenents of the present
standard, identifies seating system perfornance issues fur safety
goals, summarizes current SA eval uations, research, and
laboratory testing, and finally reviews the technical literature
on seating system safety.

II. FMSS No. 207, SEATI NG SYSTEMS
A. The Current Standard

Federal Mtor Vehicle Safet¥ Standard (FWSS) No. 207, "Seating
Systens," first went into effect on January 1, 1968, for
passenger cars only. The 1968 standard was basically adopted
fromthe requirenent of the Society of Autonotive Engineers
Recommended Practice Js7s, "Passenger Car Front Seat and Seat
Adj uster," Novenber 1963.

on January 1, 1972, the standard was extended to nulti purpose
passenger vehicles, trucks, and buses. The amended FW/SS No.
207, "Seating Systens, @@ adogted the test procedures in the
revised SAE 5879. The SAE 5879 was revised in July 1968 and was
renaned "Motor Vehicle Seating Systens - SAE Jg79b."

on March 19, 1974, NHTSA proposed a nodification of FMVSS No.
207, but the rulenaking action was termnated in 1978.
g89§equently, the standard has not been upgraded since January 1,

B. Recent Petitions to Upgrade the Standard

on March 3, 1988, Edward J. Hurkey petitioned NHTSA to |ook into
t he "slingshot" effect on restrained occupants during rear

i npacts and to anend the requirenents for safety belt retractors
in FMWSS No. 208, "Qccupant Crash Protection,” and FMVsSs No. 209,
"Seat Belt Assenblies."” The "slingshot" effect iS a rebound

ef fect mhereb% an occupant is propelled forward from a deforned
seat due to the recovery of elastic energy. The petitioner
believed that the energency lock retractor (ELR) on some safety
belts unlocked during the occupant’s rebounding and therefore
could not prevent the "slingshot" effect durinﬁ_an | npact. On
July 24, 1989, NHTSA notified Mr. Horkey that his petition was
granted. The petition was entered into NHTsA’s Docket No. 89-20-
N01-001.



On April 18, 1989, Kenneth J. Saczalski petitioned NHTSA to
reexamine the general performance requirements of FMVSS No. 207.
In particular, the petitioner suggested upgrading the seat back
regquirements for rear impacts. On July 24, 1989, NHTSA notified
Dr. Saczal ski that his petition was granted. The petition was
also entered into NHTSA’s Docket No. 89-20-N01-001 and Docket No.
PRM-207-001.

On October 4, 1989, NHTSA published a Request for Comments notice
and sought comments on the Horkey and Saczalski petitions. Based
on responses to the notice (Docket No. 89-20-N01) and agency
review and analysis, on October 17, 1990, NHTSA published a
Termination of Rulemaking notice on the Horkey petition. The
termination notice stated that NHTSA was unable to establish that
amending the requirements for safety belt retractors would
provide any significant safety benefits.

On December 28, 1989, Alan Cantor petitioned NHTSA to amend FMVSS
No. 207 to eliminate "ramping" along a collapsed seat back during
rear impacts. "Ramping" is movement of an occupant rearward and
upward along the seat back during a rear impact. On

February 28, 1990, NHTSA notified Mr. Cantor that his petition
was granted. The petition was entered into NHTSA’s Docket No.
PRM-207-002.

C. Test Requirements of the Current Standard

Test requirements of the current FMVSS No. 207 are summarized in
the following paragraphs.

Each occupant seat, other than a side-facing seat or a passenger
seat on a bus shall "withstand" the applied forces.

° Force: A force egual to 20 times the weight of the seat is
applied through the center of gravity (c.g.) of the seat in a
forward and in a rearward longitudinal direction. 1If a seat belt
assembly is attached to the seat, an additional force (FMVSS No.
210, "Seat Belt Assembly Anchorages," S4.2’s requirement) is
applied to the forward direction only for forward-facing seats
and rearward only for rearward-facing seats.

o Moment: A force that produces a 3,300 inch-pound moment
about the seating. reference point is applied to the seat back for
each designated seating position that the seat provides. The
force is applied to the rearward direction only for forward-
facing seats and forward only for rearward-facing seats.

] Seat back lock or seat back restraint device: For a forward-
facing seat, a forward longitudinal force egqual to 20 times the
weight of the seat back is applied through the c.g. of the seat
back. Similarly, for a rearward-facing seat, a rearward force
equal to 8 times the weight of the seat back is applied. 1In
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addition, the restraining device is required to "not release"
when it is subjected to an acceleration of 20g in the direction
opposite to that in which the seat folds.

D. Conparison of U S. and Foreign Seating System
Safety' Requirenents

The follow ng table shows a conparison of test requirenments on
seat | n% systenms between the U S. and some other countries. Note
that the test requirements are essentially the same except that
the ECE Regul ation #17 requires a higher test noment (4,690 in-Ib
vs. 3,300 in-1b).

Conparison of U S. and Qher Country's
eating Systens Test Requirenents

| Test Force on | Test Monent on i Test Force on
Country ! Seatln? System | Seating Reference pt.| Seat Back Lock
t C.G of Seat i (Per Seat Cccupant) | C. G -Seat Back
USA | 209 3,300 in-lb | 20q
| ! 1
| ! i
Canada | 20g 13,300 in-Ib | 20g
| 3
ECE | . |
Reg. #17) 20g 1 4,690 in-1b | 20g
Rev. 3 0 . ..........i(38aam . e
Japan | 20g 13,300 in-1b (Approx.)! 20g
_________ (38K
i ‘ \
Sweden || 20g 1 3,300 in-Ib (Approx.)| 20g
_________ . i(s8KMm
i | |
Brazi | | 20g 13,300 in-1b | 20g
| | |
‘. .
Australia 20g 3,300 in-1b , 209
1
' ]

XlI'1. ANALYSES OF SAFETY PROBLEM

A Seating System Perfornmance |ssues



Based on the Saczalski and Cantor petitions, the comments .
submitted in response to the October 4, 1989 notice, and agency
research, the agency has determined that there are four -
categories of performance issues which need to be addressed as

part of the consideration of any upgrade of Standard No. 207.

The first category is seating system integrity. Seating system
integrity refers to the ability of the seat and its anchorage to
the vehicle to withstand crash forces without failure. Examples
of failure of the seating system would include: breakage of the
seat adjusters, breakage of the folding seatback locks and
supports, or separation of the anchorage from the vehicle.

The second category is the energy absorbing capability of a seat.
The energy absorbing capability of a seat includes the manner in
which the seat and its attachment components absorb energy, and
the manner in which the seat and its attachment components
release energy.

-The third category is compatibility of a seat and its head
restraint. The concern in this category is that any change in
seat back energy absorbing capability could exacerbate head or
neck injuries if the geometry and energy absorbing capability of
the head restraint is not also changed.

The fourth category is the safety belt restraint system. A
seating system and its safety belt restraint system must
complement each other to prevent injury. Several manufacturers
are considering integrated seats, i.e., seats which have the
safety belt attached to their seat structure to increase the
compatibility of these systems.

B. Seating System Safety Concerns

Most of the concerns raised in the rulemaking petitions, in
comments submitted in response to the October 4, 1989 Request for .
Comments, and in the literature relate to the energy absorbing
characteristics of the seating system. Specifically, they
concern how to achieve a proper "balance" in stiffness. Concern
has been expressed by commenters and in the literature that if a
seating system is too stiff, injuries could be increased in a
rear impact collision because of the exacerbation of several
problems: occupant rebound off the seat back into the frontal
components, ramping of the occupant into the roof of the vehicle,
direct contact with the seat back, and phasing problems between
the neck/back body regions contacting the head restraint and the
seat back. On the other hand, concern has been expressed that if
the seating system appears to bend too far backward when the
vehicle is struck in the rear, injuries to front seat occupants
could be increased by the exacerbation of several other problems:
ramping toward the rear components, contact with the rear seat
and/or rear seat occupants, and loss of vehicle control.
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Further, there could be an increase in injuries fur rear seat
occupants al so.

In an attenpt to define the proper "balance" related to this
energy absorbing or stiffness characteristic plus a better
under st andi ng of the ot her issues discussed above, a nunber of
efforts have been undertaken. The first effort was to publish a
notice of Request fur Comments in the Federal Register requesting
comments on the subject petitions and information on seat back
performance characteristics. Partial results of this effort were
ublished in another notice, a Termnation of Rulemaking, in the
ederal Register and are discussed further in subsequent sections
of this report.

The remaining part of this section is concentrated on seating
system rel ated data analysis and review. = Anal yses were
undertaken of NHTSA accident data files including both an
exPIoratory data analysis and a hard copy investigation of
sel ected cases. A review of NHTSA tested seating system
Rgrfornance data was conducted including FMvSSNo. 207 and FMvss
. 301 rear inpact tests, and New Car Assessment Program ( NCAP)
rear and frontal inpact tests. Also, the agency's recent defect
investigation files related to this subject weré exam ned.

C Acci dent Data

L. National Accident Sanpling System -
Expl oratory Analysis of Conputerized
Dat abase

The 1988 to 1990 National Accident Sanpling System (NASS) data
describe seat type and seat performance for occupants of [|ight
passenger vehicles that were towed from the scene because o
damage received in the crash. NASS also collects data descrihing
the crash circunmstances, vehicle damage, occupant factors, and
resulting injuries. The NASS sites were randonmly selected to
represent the national accident experience and cases were

sel ected randomy in each site, so the weighted NASS data produce
national estimates of |ight vehicle tuwaway accidents. The

conpl ete analysis of the NASS data is presented in a detailed
report, "seat Danmage and Occupant Injury in Passenger Car Towaway
Crashes,"” Susan C. Partyka, Ofice of Vehicle Safety Standards,
Rul enmaking, National H ghway Traffic Safety Admnistration, June
ﬁb31992. This report can be found in NHTsA’s Docket No. 89-20-

Ininterpreting the results, the report states that "[(t)his
report describes an exploratory data analysis of seat damage and
occupant injury perforned to provide insight into injury

nmechani sns, to suggest questions for further research, and to
hel p establish the safety priority of these questions. (ccupant
i nvol verents and injuries were estimated from a statistica
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survey of towaway crashes, and these estimates are subject to
sampling and nonsampling error. Estimates of sampling
variability are beyond the scope of the present effort, and no
claims of statistical significance are implied by the comparisons
made here.®

Ten percent of occupied front-outboard passenger car seats (the
driver and right-front seats) were deformed (by occupant contact
or intrusion) or their hardware was damaged in the crash (the
seat adjusters, folding locks, tracks, or anchors were broken).

While most of the interest related to seating system performance
has been focused on rear impacts, it should be stressed that seat
damage occurs in all crash modes. Rear impacts account for a
third of seat damage, and seat damage was much more common in
rear impacts than in other towaway impact types. In recent
towaway crashes,

38 percent of seats in rear impacts were damaged,

19 percent of seats in near-side impacts were damaged,

9 percent of seats in rollover crashes were damaged,

7 percent of seats in far-side impacts were damaged, and
5 percent of seats in frontal impacts were damaged.

The type of seating system damage differed among the different
crash modes. Deformation from occupant loading (which relates to
the energy absorption issue) accounts for 71 percent of the
damage types in rear impacts. The seat damage in frontal impacts
and rollover crashes relate about equally to broken hardware
{which relates to the structural integrity issue) and occupant
loading. For side impacts, seat damage primarily relates to
deformation from vehicle intrusion, which is not being considered
within this effort. It appears that damage in frontal crashes is
associated with more severe crashes compared to that seen in rear
impacts. For crashes with known severity as measured by delta-v,
41% of the seats damaged in frontal impacts occur with a delta-v
of at least 20 mph, while in rear impacts, 24% occur with a
delta-v of at least 20 mph. The energy absorption concern
appears to be more an issue in rear impacts, where the indication
of structural integrity problems appears to bemuch less than
those associated with occupant loading.

I n examining the accident data for information linking the
performance of seating systems with injury causation it was found
that occupants in damaged seats tended to be injured more
severely than occupants in undamaged seats, largely because seat
damage indicated a high-severity crash. Thus, in order to
further explore the relationship between seat damage and injury,
several methods were utilized to control for crash severity.
These methods are fully discussed in the detailed paper on this
analysis as presented in the previously referenced report.
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Overall the results were unclear and did not consistently show a
pattern of increased likelihood of injury fur danmaged seats.

For the injury rate conparisons that were made within ranges of
crash severity, in frontal crashes, occupants of damaged seats
had higher injury rates than did those in undamaged seats fur
each 10 nph range of delta-v. It is not clear fromthese data
whet her stronger seats would have prevented injury, because
crashes in which seats are damaged may differ in Inportant ways
fromthose in which seats are nut damaged, even within a range of
crash severities. It also should be stressed that the type of
damage in frontal crashes are mxed -- the danage types consists
of at was defined earlier as structural integrity and energy
absorption characteristics. Aso, it should be repeated that
only a small percentage of seats sustain damage in frontal
inpacts. In anK case, there dues appear to be sone indication
that the likelihood of injury to occupants is greater fur damaged
seats.

Fur rear inpact crashes, the data are very limted after
-controlling for crash severity. However, the results are i xed,
with occupants of damaged seats having higher injury rates than
those in undanmaged seats in the lower delta-v ranges, while in
the higher delta-v ranges the occupants of undanaged seats had
higher injury rates. Fur rear inpacts this damage was prinarily
related to the energy absorption characteristic.

The previously referenced report examnes many other variables
related to seat danmmge that would need to be controlled for in
isolating the effect of seat damage on injury causation. For
exanpl e, the analysis concluded that the likelihood of seat
damage increases wth increasing occupant weight and increasing
age of the vehicle. Aso, belt use rates were higher in
undamaged seats, possibly because belt users tended to be
involved in | ess severe crashes, or because belt use reduces
occupant |oading of the seat.

The exploratory NASS anal ysi S also examined any simlarities
and/or differences in injury patterns for occupants of damaged
and undamaged seats. The analysis found that unbelted occupants
of damaged seats in rollover, frontal inpacts, and side inpacts
were more likely to be ejected than were unbelted occupants of
undanaged seats. In large part, the differences in ejection
rates reflect differences in crash severity -- severe crashes
were nore likely to result in seat damage and to involve occupant
gjection and injury. There are_very few ejections fromcars with
damage to the rear, but the available data do nut suggest that
occupants in damaged seats were nore likely to be ejected than
were occupants in undanmaged seats.

As to the distribution of body regions injured and the source of
these injuries, the previously referenced report presents the
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results of this analysis for all crash modes. In this summary,
specific attention is focused on rear crashes. FOr these
impacts, the head;neck area generally accounted for 42% of the .
moderate or greater injuries (AIS 2+}§ while the torso accounted

for 57% of serious and more severe injuries (AIS 3+). Seat backs

were cited as the source of moderate and more severe injury in a

high percentage of cases:

13 percent for those unbelted in undamaged seats,

6 percent for those belted in undamaged seats,
26 percent for those unbelted in damaged seats, and
24 percent for those belted in damaged seats.

Occupants of seats damaged in rear impacts receive more of their
injuries from seat back contact than did occupants in rear
impacts with undamaged seats. This may reflect, in part, the
severity of the crash that resulted in heavy occupant loading of
the seat back.

For occupants with damaged and undamaged seats in rear impacts, a
high percentage -- approximately 70% for undamaged seat injury
sources and approximately 30% for damaged seat injury sources --
of the injuries were attributed to passenger compartment front
components; this suggests that the occupant may have rebounded
from the seat, forward, or contacted frontal components as the
seat back rotated backward, or contacted the frontal components
in a subsequent frontal impact.

There were very few moderate and more severe injuries attributed
to a contact that could be determined to have been made behind a
normally-seated front-outboard occupant -- none for occupants in
undamaged seats and approximately 3% for damaged seats. As
discussed in the detailed report, defining rear contacts | S
difficult from the automated file. Injury sources that could be
defined unambiguously as rear include the rear header, backlight
area, and pillars rearward of the B-pillar. However, many cof the
identified injury sources were components that extended both
forward and rearwvard of the occupant -- for example, the roof and
side rails; the B-pillar was also classified as an ambiguous
source.

The likelihood of injury and the pattern of injuries for damaged
and undamaged seating systems especially in rear impacts does not
provide clear evidence as to the direction for upgrading the
stiffness of seat backs. Possible injuries due to ramping or
contacting the rear components are limited. There are a great
number of frontal contacts which could be due to rebound and must
be considered in any improvement. The seat back is cited as a
source of injury in many cases for damaged and undamaged seats.
While this percentage is greater for damaged seats, this may be a
result of the greater crash severities associated with seat back
damage. In any case, because of the high frequency of serious
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torso injuries and seat back contacts, ang_change I n energy
thi

absorption characteristic nust consider s direct interaction
The high percentage of head/neck injury also denonstrates the
need to consider the head restraint and occupant height al ong
Wi th any modifications t0 the seating system

2. Hard Copy Studies ' e

To further evaluate how injuries occur and their relation to seat
damage in frontal and rear inpacts, hard copy cases from the NASS
1988-90 files were selectively reviewed. This work was conducted
as part of an agency contractual research project, and results of
the study are presented in a report, "Upgrade Seating - Patents,
Literature Search, and Accident Analysis," Kennerly Diggs and
John Morris, University of Virginia, Prepared fur the Nationa
HL%hmay Traffic Safety Adm nistration, September 1, 1992. This
NHTSA sponsored research report can be found in Docket No. 89-20-
NO3. Three sets of cases were selected as follows.

Set | npact No. of Cases Case Selection Criteria

1 Rear 18 30-39 nph delta-v
2 Rear 31 AIS 2+ Or seat danage
3 Front al 6 Seat damage

A general discussion of the reviewed cases is presented. Since
the cases are unwei ghted NASS data, the discussion is anecdotal

a. Ei ghteen Rear [|npact Cases

The 18 rear inpact review set enconpass all cases in 1988-90 NASS
with a rear danmage delta-v 30 to 39 nph. Actual inpact speed of

t hose cases would be nmuch higher than the delta-v range. r
exanpl e, NHTsA’s New Car Assessment Program conducted 35 nph rear
I mpact tests on 1979 to 1981 nodel vehicles, the delta-v range

was 18- 26 nph.

The distribution of occupant injuries based on the maxi num AIS
was as foll ows.



Front Occupants Rear Occupants

AIsS ©
AIS 1
AIS 2
AIS 3
AIS 4-
AIS &
AIS 7

5

{Burn)
{(Unk Inj)

Rear impact caused injuries were at low levels for these severe
impacts.

The most frequently injured body part was the head and face, and
the highest severity injuries were inflicted to the head and
chest. In terms of the probable injury source, steering wheel
(9) was the most frequent, followed by the seat back (8), -
headrest (5), and flying glass (4). However, the number of
noncontact injuries (9) was equal to the number of injuries
caused by the steering wheel.

| n this small sample, 19 of the 29 occupants were restrained.

The injury rate for AIS 2+ for restrained occupants is lower than
the unrestrained occupants (26% vs. 50% based on unweighted
data).

In addition, 11 of 25 front seat occupants suffered injuries from
contacts with frontal compartments. Two of these frontal injury
cases involved only rearward crash forces.

For seat damage effect, ramping of the occupants was difficult to
identify in all the cases. Ramping was clearly not relevant to
injuries in 21 of 29 occupant cases. Seat deformation may have
contributed to only two of the occupant injuries. 1In one case,
ramping may have contributed to the head injury (AIS 2) from the
rear header, and an associated AIS 2 abdominal injury from the
safety belt. The other case’s relevant injury was at a minor
severity level.

On the other hand, rebound may have contributed to injuries in 12
of 25 cases. In many cases, a frontal impact followed the rear
impact, thereby adding to the rebound velocity. This is also
consistent with the observation that the steering wheel is the
most frequent cause of injury. For the most part, the rebound
injury was minor.

b. Forty-Nine Rear Impact Cases
The 31 additionally selected rear impact cases had one group with
two cases of delta-v greater than 40 mph and the other group with

restrained occupants suffering AIS 2+ injuries at any delta-v.
To provide a more detailed review of the seat performance, the 31
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cases are conbined with the already exam ned 18 cases to becone a
review of 49 rear inpact cases.

Three cases of seat adjuster failure were noted and all were
associated with seats deforned by occupant inpact. Yet no AIS 2+
injuries from seat adjuster failure could be(fositively
identified fromthe rear inpact cases exam ne

Fourteen cases of folding lock failures were reported. Five of
t he occupants na% have suffered AIsS 2 injuries that were
exacerbated by the failed locks. In four of five cases, the
source Of the AIs 2 injury is unknown. Thus, the evidence of
seat luck failure contribution to injury is unclear.

Two cases of seat anchorage failures were reported. The maximum
injury fur the occupants 1n both of these cases were ars 1. It
appears that seat anchorage failures were not associated wth any
serious rear inpact injuries.

To further exam ne issues concerning occupant injury vs. seat
damage, the analysis concentrated on the seat back yielding
issue. The conbined 49 cases were divided into two groups - no
permanent seat back yielding and permanent seat back vyielding.

In addition, only injuries of AIs 2+ were included. Thirty-five
occupants in the 49 cases net the criteria fur inclusion in this
anal ysi s.

In the "no permanent seat back yielding" group, 16 of 17

occupants were restrained. No injuries were identified which
resulted fromranping or seat related deformation. However,
frontal injuries were present in 8 of the cases. This suggests
that rebound may befrequent and the possibility that rebolnd may
have contributed to some injuries.

In the "permanent seat back yiel ding" group, 16 of 18 occupants
were restrained. Seat deformation may have contributed to three
of the injuries, and ranping nmay have contributed to one.
However, rebound is also frequently present. Seven of 16
occupants had injuries fromfrontal sources. Four of the cases
were single event rear inpacts.

This analysis also examned 8 cases in which vehicles contained
rear seat occupants. Some mnor AIs 1 injuries could be
attributed to the front seat deformation.  However, it is not
possible fromthe data to assess the degree to which front seat
deformation contributes to the injuries of rear seat occupants.

11
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c. Six Frontal Impact Cases

Six frontal impact cases were reviewed. They involve three seats
which are reported to have track/anchorage failures, two which
deformed under occupant loading and one which moved forward under
impact. From the previously referenced University of Virginia
report: "For the seats which were deformed by occupant impact,
no contribution of the seat to the injury was evident. However,
for the seat that moved forward during a frontal impact and the
three track/anchorage failures, seat contribution to the injury
severity is possible. In all of these cases, occupants
experienced injuries higher than expected for the crash severity.
The higher injuries were consistent with those expected from
undesirable seat loading of the occupant."

d. Summary of Hard Copy Studies
The agency contractual report summarizes the findings as follows:

"This preliminary analysis suggests that improvements
in seat performance is a more complex matter than
simply increasing the strength of the seat back.
Legitimate concerns exist over the potential increase
in neck injuries and rebound injuries which might
accompany strengthened seats.

Harm analysis by Malliaris [Reference: Data Link,
1990] provides insights of injury fregquency and
severity in rear impacts. His analysis shows that
noncontact neck injuries constitute more than 20% of
the Harm to restrained occupants. The head restraint
is the largest source of contact Harm (17%). The role
of head restraints in noncontact neck injuries and
contact head injuries needs to be studied in
conjunction with any seating system modifications.

Foret-Bruno (91) found a significant increase in head
restraint effectiveness as seat back strength in
Renault cars was increased to meet the EEC standard.

He suggested that the lower-strength, prestandard seats
deformed at a force level below that which induces
noncontact neck injury. He concludes that strengthened
seats are likely to increase the demand on head
restraints to mitigate the neck injury risks.

Our data analysis did not permit the quantification of
neck injury risks for deformed versus nondeformed
seats. In the accident cases we analyzed, we found
three noncontact neck fractures in seats which did not
deform. No noncontact neck fractures were observed in
seats which deformed.
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' Rebound' type injuries occur frequently in crashes
which involve rear inpacts. Mlliaris found that 16%
of the Harmin rear inpact NASS cases was from fronta
contacts. In nmany of the cases, the rear inpact is
followed by a frontal inpact, either in a line of
st opped traffic, or by being accelerated into a fixed
object. In these cases, and in cases where no
subsequent inpact occurs, injuries frominpact wth
frontal conponents of the vehicle are frequently
observed. Fur the data set of AIs 2+ injuries In
sel ected rear inpacts, injuries from frontal conmponents
were believed to be presented in 15 of 35 occupants.
[t is not possible to determ ne how many of these
injuries were related to the elastic response of the
seat, or from other phenomena. However, some Seat
I nduced rebound phenonena can be observed in FWSS 301
rear Inpact tests. It is evident that the rebound
?henonena needs to be researched in conjunction with
uture seat improvements."

b. Seating System Perfornmance in NHTSA Conducted Tests
L. FMW/SS No. 207 Conpliance Tests

From t he FMvSS No. 207 conpliance tests that covered fiscal year
(FY) 1972 to 1986, seats in 6 out of 169 (4% tested vehicle
nodel s failed the requirements. For FY 1991, no seats in the 10
tested vehicle nodels failed the requirenments. The conpliance
test results indicate that FMWSS No. 207’s requirements have
achieved the intended goals for nmaintaining a certain mnimm
performance level for the integrity of vehicle seats. NMre
%nrﬁrnq}|on about the six seat failure cases is presented as

ol | ows

Model Yr/Make Model Seat Failure Description
1972 Toyota Cor ona Front seat back/rear seat back cusﬁioﬁ
1972 Ford Mark |V Front seat tracks
1974 Ford Mont er ey Rear seat back anchorages
1975 Ford Mistang || Rear seat cushion
1982 GM s-15 Track
1982 GM c-10 Tr ack

2. FMvVSS No. 301 Rear Inpact Conpliance

Tests

To study the performance of production vehicle seat backs in rear
I mpacts, FWSS No. 301, "Fuel SystemlIntegrity," conpliance tests
were reviewed. FMvss No. 301’s rear inpact test requires a 4,000
|b. flat-face rigid barrier crash at 30 nph. It also specifies
Part 572 soth-percentile restrained test dunmm es (uninstrunented)
at each front outboard designated seating position,
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A total of 54 test reports (FY 1987 to FY 1991) were reviewed.
Seat back deflection remaining after the test was measured in
terms of degrees of backward rotation from the pre-test
orientation. The rotations were measured from post-test
photographs in the reports. The following list shows the seat
back deflection from those tests. It is noted that significant
seat backward rotation in tested vehicle were very frequent.

FMVSS No. 301 Rear Impact Report Review on
Vehicle Seat Back Deflection (Degrees of Rotation)

FY 0 - 10 10+ - 20 20+ - 30 30+ Total Number
87 15.4% 53.8% 23.1% 7.7% 13
88 11.1% 11.1% 44.5% 33.3% g
89 - - 60.0% 40.0% 5
80 10.0% 40.0% 10.0% 40.0% 10
81 11.8% 23.5% 47.1% 17.6% 17

To examine occupant’s ramping and rebound effects during rear
impacts, 12 recent FMVSS No. 301 rear impact test films were
reviewed {(two-1991 and 10-1992 vehicles). The observed results
are presented as follows. From this review, no ramping was
observed due to the 30 mph impact and the belt system appears to
prevent or reduce the degree of rebound.

FMVSS No. 301 Rear Impact Test Film Review on
Occupant Ramping and Rebound Effects

Model Yr/Make Model Ramping Belt Restrained Dummy Rebound

R R S T A —— T T T T T W . o A W - —— D W A e P W W W A TS W W

19381 Forg Explorer No Dummies did not contact belts
1891 VW Jetta No Yes

1992 Mitsubishi Expo No Yes

1892 Toyota Camry No Yes

1992 Ford C. Victoria No ? Dummies out of camera’s view
1992 Oldsmobile Royal 88 No ? Same as above

1992 Buick Road Master No "? Same as above

1992 Hyundai Elantra No ? Same as above

1992 Plymouth Acclaim No ? Same as above

1892 Toyota Paseo No ? Same as above

1992 Acura Vigor No ? Same as above

1992 Plymouth  Voyager ? ? The van has tinted windows

? = Unknown

In summary, from reviewing FMVSS No. 301’s 30 mph rear impacts,
it appears that front seat backs frequently deform to a high
degree but no apparent ramping effects were observed. In
addition, it appears that rebound effects were minimized by the
use of belt systems.
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3. New Car Assessment Program Test

NHTSA conducted 55 FMWSS No. 301 rear &g&gct tests at 35 nph
under the New Car Assessment Program ( ) on 1979 to 1982 node
year vehicles. The tests show that, wunder the 35 nph test, it
was estimated that all the front seat backs.rotated backward
permanently for nore than 30 degrees £13 seat backs rotated 30 to
40degrees and 80 seat backs rotated 45 to 80 degrees) and nust
of the front seat backs touched the rear seat back. The |egs of
all the driver dunmes hit the steering wheel, consequently, the
driver dummes nainly rotated with the deforned seats. To
further study the performance of production vehicle seat backs in
rear inpacts, filnms and reports of three NCAP tests that
sustai ned seat back rotation of 60 degrees or nobre were reviewed.
Results are listed as follows.

FMWSS No. 301 Rear Inpact NCAP Tests on
Qccupant Ranpi ng and Rebound Effects

No. Model yr/Make Model Ranpi ng Rebound

(1) 1982 Chevrol et Cavalier No (D) No’Ip>"&5"B"§&%§°75°
(2) 1981 AMC Spirit No (D) No (P) No (D) Sone (P
(3) 1981 1suzu | - Mar k No (D) Some (P) No (D) Sone (P

D = Driver Dummy P = Passenger Dummy o
Some = Possi bl e occurrence but nut apparent, decision was
based on contact marks on dummy and film observation.

(1) Both dunmes' heads contacted the rear seat back. _
The passenger dummy has a little contact mark on the chin
and there I's contact mark on the shoul der belt.

(2) The driver dummy's head contacted the rear seat back.

The passenger dumy has a line of facial contact mark
robably due to contact with the shoul der belt.
he rear seat back was pushed up during the inpact to neet
t he dumm es.

(3) The driver dummy's head contacted the rear seat back.

The passenger dummy's head contacted the roof area above the
rear window. There are sune scratch marks on the dummy's
face and a little contact mark on the shoul der belt.

NHTSA has conducted 35 nph frontal inpacts on vehicles since

1979. Al'though the focus of this present effort is mainly
related to rear inpacts, recent NCAP frontal inpacts were al so
reviewed as to seating s¥sten1perfornance. Fromthe 1987 to 1991
tested vehicle nodels, three were identified fur further stud
from those having seating system damage. The three test resurts
are reviewed and sunmarized as foll ows:
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FMVSS NO. 208 Frontal Impact NCAP Tests on
Seating System Damage

No. Model Yr/Make Model Seating System Damage

(1) 1990 BMW 3251 Both seat height adjusters released
{2) 1991 Buick Century Both seats shifted forward

{3) 19%1 GM Saturn SL2 Driver seat shifted full forward

NCAP tests on FMVSS No. 208 have instrumented dummies. Responses
of the dummies for the three tests are listed as follows:

No. Head Injury (HIC) Chest Deceleration Ave. Femur Loads

Driver Passenger Driver Passenger - Driver Passenger
(1) 1,036 No Data 569 No Data  8591b. No Data
{(2) 815 1,144 47g 40g 1,1771b. 2471b.
{3) 218 1,018 449 469 1,1681b. 1,0761b.

All the dummies had knee contacts with the instrument panel.

{1) The driver dummy‘s head contacted the deployed airbag and
the passenger dummy’s head contacted the instrument panel.

{2} The driver dummy’s head and chest contacted the steering
wheel and the passenger dummy’s head contacted the
instrument panel.

{(3) The driver dummy’s head contacted the steering wheel.

| N summary, from reviewing the NCAP’s 35 mph test impact data, it
appears that seats routinely deformed to a high degree in rear
impacts. Yet, only limited ramping effects were observed and
Sune possible minor rebounding was observed. It is also
interesting to note the leg contact made with the steering wheel
due to the rotation of the dummy in rear impacts. This may
account for some of the frontal contacts seen in the accident
data. Relatively infreguent seating system damage was observed
in frontal impact tests.

E. Defect Investigation Data

NHTSA is responsible for investigating safety related defects on
in-use motor vehicles. The agency has received many consumer
complaints on seating systems. Between FY 1985 and FY 1992
{(August), the agency has initiated 55 investigations due to
possible seating system defects. The number of vehicles affected
by these investigations amount to 17.5 million vehicles and the
vehicle model years are from 1981 to 1992.

The 55 vehicle seat defect investigations relate to 13 cases on
seat backs, 11 seat track or anchorage failures, 2 seat track and
anchorage failures, and 29 other seat failures. 1In addition, at
least 15 of the 55 cases have indicated that the defective
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- seating system may have resulted in |oss of vehicle control
Possi bl'e occupant injuries related to the investigated cases are
159 nonfatal 1njuries and 5 fatalities.

The 55 investigated cases resulted in 9 safety recalls which
affected about 3.2 mllion vehicles and 74 nonfatal occupant
in%uries. The fol lowing two tables show a summarf of the 9
safety recall cases which include numbers of conplaints received
by NHISA and the affected manufacturers. Attachment 1 provides
nore details about the 9 safety recalls.

In sunnary, t he agency vehicle seat defect investigations
indicate that some seats lost integrity or failed while the
vehicles were in operation without any inpact. This could
indicate an additional seat failure nbde due to initial deS|%n or
construction inadequaci es or conponent fatigue, a failure node
which is not covered in the current standard s requirenents.
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NHTSA Vehicle Seat Defect Investigations
Safety Recalls Between FY 1985 And FY 1992 (August)

Vehicle

Population

Seat Defects

T T T T T T T - T

NHTSA Recall Manufac Model Yr.
Campaign No.
89V011000 Chrysler 1985
86V0B2000 Ford 1984
87V078000 General 1983 to
Motors 1984
89V170000 Ford 1985 to
1987
88V061000 Chrysler 1985 to
1986
88VOE0000 Chrysler 1983 to
(AMC) 1984
S1vV036000 Ford 1588 to
1989
B8V0O58000 Utili- 1988
master
Corp.
88V147000 Mack 1982 to
Trucks 1988
(1) Fatigue Failure {(2)

i8

195,732

1,136,407

1,375,500

1,500

149,000

278,000

i¢

11,000

Seat Frame (1) -
Seat Back
Tfack and/or
Anchorage
Track

Seat Frame/
Seat Back
Seat Back
Seat Fire
{Power Seat)
Track {2)

Seat Tether
(2)

Faulty Installation



(X 1))

Nunber of Reported Conplaints and Injuries
Manuf act urer; 01 02 03 04 05 06 07 08 09 Total

- D D e T D S N - ——— - - - — - - - - — -~ - - . - - - - - -

Complaints ]
NHTSA | 33 25 25 18 298 '8 0 1 157
Manufac |' 83 115 136 50 99 43 50 O O 576

116 140 161 68 128 61 58 0 1 733

Nonfatal Iniuries

NHTSA L0 6 10 2 1 1 0 0 1 21
Manuf ac i3 29 16 1 3 1 0 0 0 53
3 35 26 3 4 2 0 o iU

V. PETITIONS AND REQUEST FOR COMMENTS

A Petitions

Three recent petitions requested NHTSA to anend FMvss No. 207,
"Seating Systems." Al the three petitions related to rear
inpacts. ~ Edward J. Horkey petitioned the agency on March 3, 1988,
to ook into the "slingshot" effect on restrained occupants. The
etitioner suggested that NHTSA anmend the requirenments for safety
elt retractors in FMvSSNos. 208 and 209. Kenneth J. Saczal ski
petitioned the agency on July 24, 1989, to reexanine the general
performance requirements of FMWSS No. 207, in particular, to
upgrade the seat back requirements. Alan Cantor petitioned the
agency on Decenber 28, 1989, to amend FMW/SS No. 207 to elimnate
"ramping” along a col |l apsed seat

The follow ng table summarizes the relevance of the requested
anendnents from the three petitions to the four previously defined
seating system perfornmance issues.' The first issue concerns
seating system structural integrity, the second issue refers to
the energy absorbing capability of the seat, the third issue
relates to the conpatibility of the seat back with respect to the
head restraint, and the fourth issue relates to the safety belt
restraint system.

Petition Issue 1~ Issue 2 Issue 3 Issue 4
Horkey No Some No Yes
Saczal ski Yes Yes Some Some
Cant or Yes Yes Yes Yes

NHTSA granted the three petitions and started the rul enaking
actions. The agency published a Request for Conments on
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October 4, 1989, seeking comments on the Horkey and Saczalski
petitions. The Cantor petition was not in time to be included in
the notice, but is included in this review.

NHTSA terminated the rulemaking action of the Horkey petition on
October 17, 1990, based on responses to the Reguest for Comments
notice and agency review and analysis. The agency stated in the
termination notice that NHTSA was unable to establish that
amending the requirements for safety belt retractors would provide
any significant safety benefits. However, in the notice, the
agency indicated it would continue to examine this issue.
Rulemakings on the Saczalski and Cantor petitions are still
ongoing.

B. Regquest for Comments

The Reguest for Comments notice encompasses all seating system
issues raised in the petitions. 1In terms of the Horkey and
Saczalski petitions, the notice asked a series of guestions
contained in six issues.

o Seat Back Stiffness in Rear Impact

© Dual-Mode Sensing Emergency Locking Retractors

© Costs of Requiring Dual-Mode Emergency Locking
Retractors

© Consumer Acceptance of Dual-Mode Emergency Locking
Retractors

o Other Seat Back Performance Reguirements

©¢ Seat Performance Measurement and Test Requirements

As of March 1, 1992, there were twenty-two (22) entries in Docket
No. 89-20, Notice 1 responding to the Regquest for Comments. Ten
(10) entries are from automobile manufacturers (Manufac), six (6)
from vehicle safety consultants (Consult), two (2) affiliated with
university accident research teams (Univ), one (1) from a
contractual report prepared for Transport Canada (Report), and one
(1) from a safety belt association (Asso). The remaining two (2)
entries are the copies of the two petitions and an NHTSA sponsored
research report (Other).
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Anal yzed Entries in Docket No. 89-20, Notice 1

No. Doc. Date Page G oup Nane

Manufac Navistar International Trans. Corp
Manufac Ford Mtor Conpany

Manufac Volvo North Am & Volvo Car Cor ps.
Manufac  Chrysler Mtors

Manufac  Thomas Built Buses, Inc.

Manufac General Mtors Corporation

Manufac Fiat Auto U S A, Inc.

Mer cedes-Benz of North Am, Inc.
Manufac Vol kswagen of America,' Inc.

Manufac  Toyota Motor Corp. Services of Am
Consult  Horkey, Horkey & Associates Inc.
Consult  Saczal ski, Environ. Res. & Safety
Consult  Hoar, Ral ph Hoar & Associ ates
Consult Warner, Collision Safety Engr. Inc
Consult  Shaw, Shaw Research & Consulting

002 11/01/89
003 11/29/89
004 11/28/89
005 11/28/89
008 11/30/89
009 12/04/89
013 12/01/89
014 12/07/89
015 12/06/89
016 12/08/89
007 11/27/89
011 11/29/89
012 11/30/89
017 12701789
022 12/03/91

O

~ .
OO WUINIPE PRI
=}

[

—

QD
(@]

006 11/27/89 1 Uni v Corski, Accident Research, WD
019 o01/03/90 24 Uni v Macnabb, Accident Research, UBC
010 12/04/89 3 Asso ACRC, Auto. occ. Restraint Counci

018 o01/23/90 45 Report TES Limted, Ontario, Canada

The agency interpretation and analysis of the comments is
conducted according to the previously defined four seating system
erformance issues. They are Issue 1: Seating System Integrity,

ssue 2: Energy Absorbing Capability of Seat, “Issue 3:
Conpatibility of Seat Back and Head Restraint, and |ssue 4:
Compatibility of Seat Back and Safety Belt Restraint.

The comments of the above |isted nineteen docket entries are
analyzed in terns of the four seating issues and the results are
sunmarized in the following tables. Oiginal entries of the
comments are in Docket No. 89-20, Notice 1.
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Anal ysi s of comments
Docket No, 89-20, Notice I, 54 FR 40896

Issue |: Seating System Integrity
No, G oup Name ° Seat Damage Damage Causes Upgrade
Cceurs Occupant Inj. FMvss 207

T A W T T - - - - - -

002 Manufac Navi star - - -

003 Mnufac Ford ? No No
004 Manufac Vol vo -- - No
005 Manufac Chrysler ? No No
008 Manufac Thomas No No No
009 Manufac GV Yes No No
013 Manufac Fiat - - No
014 Minufac Mercedes No No Yes
015 Manufac vw -- -- No
016 Manufac Toyota -- -- No
007 Consult Horkey -- -- --
011 Consult saczalski Yes Yes Yes
012 Consult Hoar Yes Yes Yes
017 Consult \arner ? ? No
022 Consult Shaw Yes Yes Yes
006 Univ Gor ski - -- --
019 Univ Macnabb Yes Yes Yes
010 Asso AORC - - -
018 Report TES Ltd Yes - Yes Yes
Notes: -- = No response ? = Doubts expressed by commenter
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Anal ysis of Comments
Docket No. 89-20, Notice 1, 54 FR 40896

Energy Absorbing Capability of Seat

Current Seating Svs. Seat Back Upgrade

Ranping Stiffness

3300in-1b

No

Somne

No

Yes

Yes

Yes

Yes

O K
O K

Low
O K

Low

Low

Low

Low

Low

Yes
Yes
No
No

Yes
Yes
No

Yes

Yes

Yes

? = Doubts expressed by commenter

| ssue 2:
No. @G oup Nane .
EA Capabi

002 Manufac Navistar --
003 Manufac Ford 0K
004 Manufac Vol vo
005 Manufac Chrysler 0.K.
008 Manufac Thonas 0 K
009 Manufac GM ?
013 Manufac Fiat
014 Manufac Mercedes 0 K
015 Manufac VW 0K
016 Manufac Toyota
007 Consult Horkey
011 Consult Saczal ski N. G
012 Consult Hoar N. G
017 Consult \arner
022 Consult Shaw N. G
006 Univ Gor ski
019 Univ Macnabb N. G
010 Asso ACRC --
018 Report TES Ltd N. G
Notes: -- = No response

o.lé\.N: Adequat e NG =

| nadequat e
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Analysis of Comments
Docket No. 89-20, Notice 1, 54 FR 40896

Issue 3: Compatibility of Seat Back and Head Restraint

No, Group Name Current Head Restraint Svm Seat Back
Problem Source Causes Inj Interaction -

002 Ha;ufac--gggggggr - - - -: -------- - B

003 Mnufac Ford No - No -

004 Manufac Volvo - - - -—

005 Manufac Chrysler -- - - -

608 Manufac Thomas - - - -—

009 Manufac GM - - - -—

013 Mnufac Fiat - - - -

014 Manufac Mercedes - - - -

015 Manufac VW - - - -

o016 Mnufac Toyota - - - -

007 Consult Horkey - - -— -

011 Consult saczalski Yes ? Yes Yes

012 Consult Hoar - - - -

017 Consult  \rner -- - - -

022 Consult Shaw ? ? ? Yes ’

006 Univ Cor sKki o -- - -

019 Univ Macnabb Yes Design Yes Yes

010 Asso AORC - - -— -

018 Report TES Ltd Yes Design Yes Yes

Notes: -- = No response ? = Doubts expressed by commenter

Design = The source of current problem is in design
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Conpatibility of Seat
Rebound Effect

Na me

Anal

ysis of Comments
Docket No. 89-20, Notice 1, 54 FR 40896

Rear

Frontal ELRs

Dual - Mode

Back and Safety Belt Restraint

Seat Back
I nteraction

| ssue 4:
No. @G oup
002 Manuf ac
003 Manuf ac
004 Manufac
005 Manuf ac
008 Manufac
009 Manufac
013  Manuf ac
014 Manufac
015 Manuf ac
016 Manufac
007 Consult
011 Consul t
012 Consul t
017 Consul t
022 Consul t
006 Univ
019 Univ
010 Asso
018 Report
Notes: -- =

Navi st ar
For d

Vol vo
Chrysl er
Thomas
GM

Fi at

Mer cedes
VW
Toyot a
Hor key
Saczal ski
Hoar

V\ar ner
Shaw

CGor ski
Macnabb
AORC
TES Ltd

No response

Yes

Yes

Yes

Yes

Yes

?

Yes
Yes
No

Yes

Yes
No

Yes
Yes

Y e s

Yes

Yes

Doubts expressed by commenter
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V. LITERATURE REVIEW ON SEATING SYSTEMS

A. Seating System and Occupant Protection

The modern vehicle seat is generally recognized as a fundamental
portion of the total occupant crash protection system. However,
the design of belt restraint and head restraint systems have
largely progressed independently from the seating systems.
Although in recent years vehicle designers and vehicle safety
researchers have looked into the interaction of the three systems*
the emphasis and the results are not reflected upon the production
and occupant injury reduction.

A review of the literature on seating systems in relation to
occupant protection resulted in identifying numerous reports and
papers. Many of the technological and innovative designs have
been or are being considered for incorporation into production
seats. For example, the concept of an integrated seat and
restraint system was studied in the early 1900s and a patent was
awarded in 1903 on the design of an integrated seat with a lap
belt and two shoulder belts. Today, General Motors, Ford,
Chrysler, and others are all conducting research on cars with
seats integrated with restraints. Mercedes-Benz and BMW both
offer integrated seats in their production vehicles.

Some of the earliest automotive safety research sponsored by the
Federal government was directed to improve seating systems. For
example, the Public Health Service sponsored a research program at
the University of California at Los Angeles by Severy, et al. The
research resulted in an SAE paper, entitled "Backrest and Head
Restraint Design for Rear-Collision Protection," SAE Paper #680079
(Starting from 1955, Severy et al, published a series of papers on
seating system safety - see bibliography in the previously
referenced University of Virginia report (Docket No. 89-20-N03).
In the mid 1960s, the Federal Highway Administration funded
research at the Cornell Aeronautical Laboratory and at the Highway ,
Safety Research Institute in the University of Michigan, etc.
(These are summarized within the above cited report.)

B. Literature Review on Seating System Safety

Through the years, numerous reports and papers have been published
on seating systen safety. The NHTSA sponsored report ("Upgrade
Seating - Patents, Literature Search, and Accident Analysis,"
Kennerly Digges and John Morris, University of Virginia, September
1, 1992) has a detailed discussion and list of literature on
seating system safety. A paper submitted into the NHTSA docket
also contains a bibliography on seating system safety publications
(Docket No. 89-20-N01-022, by L. M. Shaw).

Because of limitations in time and resources, this literature
review on seating system safety only includes some more recent
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?UF,ications. The reviewed publications are summarized as
ol | ows.

1. "Response of Belted Dummy and Cadaver to Rear

| npact , “ Final Report, DOT-HS-5-01201, July 1976 and
"Response 0of Belted Dummy and Cadaver to Rear |npact”,
A S Hu, S P. Bean, and R M Zi nmmrerman, Final Report,
DOT HS- 805-792, Decenber 1980.

In the late 1970s, the agency sponsored research which exan ned
the reaction of dummes and cadavers seated in rigid and yielding
seat backs during sinulated rear inpact crashes. This research is
reported in two docunments as |isted above.

Sled inpact tests were conducted to simulate the notion of a
standard size car at rest inpacted fromthe rear by a second car

of equal weight travelling at 32 th. The test subjects were

ant hroponor phi ¢ dumm es and unenbal ned cadavers. They were seated
in a bench seat and were belted and unbelted. |In one test node
the seatback was held rigid and in a second test node the seatback
rotated rearward in response to the test subject's |oading.

In general, the results indicate lower dummy injury criteria

values for the head and chest for the deformable seat back. The
head and chest severity indices for the rigid seat back subjects
were nore severe than those for the defl ecting seatback subj ects.

The cadavers suffered neck injuries in all except one case -- the
one case was a rigid seat back. However, it appears that these
injuries are nore associated with the placenent of the headrest
rather than the stiffness of the seat back. The authors indicate
that results of the cadaver tests are inconclusive to reach
conclusions regarding the relative risk of injuries for deformng
vs. rigid seats.

In interpreting these results the characteristics of the rigid and ,
yi el ding seatbacks shoul d be expl ained. The yielding seatback
utilized a standard bench seat apparently based on a typical Mde
Year 1975 vehicle. This seat itself was nodified to acconmodate
the installation of the extensive instrunentation utilized in the
study. Test data indicated the seatback deflected backward to
approximately 40 degrees from the vertical during the sled
experinments. The rigid seatback configuration used extensive
braci ng which resulted in noseatback deflection during the tests.
ALso, the headrest was placed at the |owest position in nost of
the test.

The results of this study support the concept of optimzing the
seatback energy absorption or deflection characteristic and
avoi di ng designing seatbacks that are too stiff. However, as

i ndi cated above, the deflecting seat back utilized in these tests
did not show as high a deflection angle as those seen in higher
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severity crashes. Also, the study demonstrates the need to
properly consider the integration of the head restraint and seat
back geometry and energy absorption characteristics.

2. "The Minicars Research Safety Vehicle Program Phase

III, Volume I - Technical Final Report;" V. K.

Ausherman, A. V. Khadikar, 8. R. Syson, C. E. Strother, -
and D. E. Struble, Final Report, DOT HS-806-213,

Septenmber 1981.

This is a report on the NHTSA funded Research Safety Vehicle (RSV)
program. The RSV program was to design, build, and test
prototypes vehicles that would exhibit advanced safety
performance. Minicars, Inc. was one contractor for the RSV
program and Calspan, Inc. was another contractor.

In the Minicars RSV, "[t]he front seats are constructed from
modified Dodge van seats (1971 to 1976 model year) and are
adjustable to accommodate all occupant sizes between a 5th
percentile female and 95th percentile male. The seat frame backs
‘carry a thin sheetmetal panel to resist intrusion by the knees of
back seat occupants in rear impacts. Each seat frame top is
narrowed and attached to a 0.06 inch {(1.5mm) thick clear Lexan
sheet. The Lexan sheet, in turn, is connected to the roof, which
substantially improves the seat’s structural strength in rear
impacts. The Lexan attachment to the seat frame incorporates mild
steel tape force limiters which provides 700 pound (320 kg) load
limiting. The foam seat cushions are also narrowed, then built up
with additional foam to form a more desirable contour. Aall four
seats, frontal and rear, are covered with standard automobile
vinyl."

The modified Dodge van front seats use Volvo seat tracks for fore

and aft adjustment. There are no belt restraints for the frontal
seats. “Sled and crash tests have demonstrated that this seat not
only is extraordinarily crashworthy, but also correctly and
comfortably positions drivers ranging from 5th percentile females ‘
to 95th percentile males." The test results include measurements

of dummy responses (head and chest accelerations, knee contact

forces} and calculation of HIC and CSI.

3. "A Preliminary Evaluation of Seat Back Locks - For Two-
Door Passenger Cars With Folding Front Seatbacks," Charles J.
Kahane, NHTSA Technical Report, DOT HS-807-067, February
is887.

This is an effectiveness evaluation report on part of FMVSS No.
207, "Seating Systems." The evaluation is limited to only the
part of the standard that contains requirements concerning seat
back locks (Section S4.3. Restraining device for hinged or folding
seats or seat backs). 1In particular, the evaluation determines if
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seat back |ocks are effective in reducing deaths or injuries and
measures the actual costs of the |ocks.

The evaluation is based on statistical analyses of three States,
FARS, Mul tidi sciplinary Accident Investigation data, sled test
anal yses, and a cost sStudy of production |ock assenblies.

The eval uation indicates that seat back locks hold seat backs in
pl ace in crashes when the back seat is unoccupied, but locks or
other seat conponents often separate at noderate crash speeds when
there are unrestrained back seal occupants. The report also
presents data froma series of sled tests and accident data that
Indicate that in frontal inpacts there is a high percentage of
seat hardware and/or anchorage breakage.

The report concludes that there are no statistically significant
injury or fatality reductions found for seat back locks from the
studies. The |ocks add about $14 (1985) to the lifetime cost of
owning and operating a car. However, the report cautions that in
using statistical analyses it is easy to prove definitively that a
safety device is effective but difficult to prove that it is nut.
Hence the report i s labeled as a "preliminary" eval uati on.

4. wEvaluation of Seat Back Strength and Seat Belt
Effectiveness in Rear End Impacts," Charles E. Strother
and M chael B. James, Collision Safety En% neerin%
Inc., SAE Paper #872214, Proceedings of the 31st Stapp
E€é7CIash Conference, New Ol eans, LA, Cctober 9-11,

This paper is to determne whether or not there is any nerit in

t he concept of "rigidizing" (stiffening) seat structures for rear

i npact and, whether seat belts are of benefit in these collisions.
To achieve the objectives, the authors first review prior research
on rear inpact, then evaluate data of l|aboratory tests of current
production seats, and finally exam ne current accident statistics.

For prior research on seat safety, the authors reviewed literature
covered 25 years, beginning in the md-1950s. They divide the
literature into three basic types: experinental, nathematical, and
other. They examine only the first two types and try to answer
three questions: (1) In conparing yielding seats to rigid seats,

Is there any safety advantage to either design? (2) Is arigid
seat practical?, .and (3) Are seat belts effective in rear impacts?

The aut hors concl ude that occupants in rigidized seats experience
significantly higher injuries tﬂan yiel ding seats with "controlled
yielding“ of the seat back. The rigid seats result in nore
ranpi ng and whi plash related occupant injuries with or wthout
head restraints and | ap belted or unrestrained. In addition, an
occupant's response in rigid seats is very sensitive to impact
conditions (occupant's position at inpact, etc.).
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From the review of the history of rigid seat development and test

data, the authors conclude that rigid seats are impractical due to
excessive weight and cost. Rigid seats would lead to technical

and biomechanical complications and could be effective only with a -
belted occupant population and adequate head restraints.

The authors conclude that seat belts are effective in rear .
impacts, particularly when delta-v exceeds 15 mph. 1In addition, :
restraints tend to minimize the motion of the upper body relative

to the seat back and help control rebound motion.

From conducting static tests on production seats, the authors
conclude that production seats are capable of producing
restraining forces significantly above the requirements of FMVSS
No. 207. From reviewing NHTSA conducted NCAP rear impact tests,
the authors state that permanent seat back deflection can be
expected of virtually all production seats at impact severities of
delta~-v of 15 mph or greater.

From examining accident statistics for rear impacts, the authors
indicate that occupant injury resulting from this impact mode is
significantly less than that associated with frontal and side
impacts. Finally, they state that from all indications the most
effective and practical means to reduce rear impact injury is the
use of available seat belt restraint systems.

This paper provides results of static seat tests on production
bucket seats conducted by Severy et al and the authors (Table 1).
In addition, this paper provides results of rear impact tests on
production vehicles for examining dynamic characteristics of seats
(Appendices A, B, and C). Those crash tests were conducted by
Severy et al, NHTSA, and others. Accident data collected from
FARS and NCSS are presented.

5. "Accidents Involving Seat Back Failures," TES Limited,
Kanata, Ontario, Prepared for the Ministry of Transport
Canada, Report No. C1322/2, December 1989.

This is a contractor’s report conducted by TES Limited for the
Canadian government. This report was submitted to NHTSA Docket
No. 89-20-N01-018. The study involves the examination of 23 real-
world case reviews in which passenger cars have experienced seat
back failures. Many of the cases involve very severe crash
severities and involve vehicles that experienced considerable
rotation and multiple crashes during the impact. However, there
were a number of cases that were examined where the seat back was
damaged during normal operation without any crash event.

This study indicates that seat backs fail mostly due to the
occupant’s weight on the seat back in rear impacts and some are
due to the occupant’s weight while the vehicle is stationary or
traveling at a constant speed. The two most common types of
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failure are fromthe seat back support system -- |ocks and hinges
and the deformation of the seat back frame.

The study specifically addressed the question of the effect of
seat back failure on passenger ejection. O the twenty-three
cases examned, eleven of these resulted in one or noré of the
passengers being ejected from the vehicle. Mst of these cases

I nvol ved mul tipl e inpacts and rotation and appear to be of a high
severity. About half the occupants that wereejected were using
their restralnt system The report indicates: "It is, therefore,
apparent that if seat back failure occurs, the use of the
restraint systemmay not prevent the occupant from being ejected
fromthe vehicle". The report indicates that in several of the
cases the ejection would probably have been avoided if the seat
back had renmined in an upright position when | oaded by the
occupant during the collision.

The report indicates that in three cases in which major injuries
were sustained, there were two occupants in the vehicle in which
one seat back failed but the other did not. |n all three cases
"the occupant of the failed seat suffered majoror fatal 1njuries,
while the occupant of the other seat suffered only mnor injuries
or no injuries at all.

Three cases involve rear seat passenger injuries due to the
col I apse of front seats or head restraints. |n one case, the |eft
rear passenger was fatally injured by the detached head restrailnt
of the driver's seat, another case involved the right rear
passenger who suffered mnor injuries when the right front
passenger's seat back collapsed, and the third case involved the
right rear passenger who was fatally injured and was probably

i mpacted by the driver during his ejection fromthe driver's seat.

6. "current |ssues of Cccupant Protection in Car Rear
I mpacts, * Techni cal Menorandum DTRS-57-87-C- 00117 (Task #s),
prepared by Data Link, Inc., February 1990

This NHTSA funded report was prepared by Data Link, Inc., in
February 1990, as part of the agency's investigation into the
safety problemrelated to rear inpacts.

This report utilized the agency's Nass 1979-1986 data files and
anal yzed rear inpacts in both an aggregate and clinical method.

As to seat back "failure" Oor ®collapse," the study found that it
is quite frequent in rear inpacts.

In exam ning the NASS data the report indicates the follow ng:
»The harm proportion assigned to occupant contacts with the rear
conpartment is higher in rear inpacts than it is in all other

I npacts. Although this is not unexpected, we observe that the
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proportion in question is small and rather insignificant by
comparison to other sources of injury shown in Table 13."

Table 13 assigns 2.8% of harm to rear injury sources compared to
42.2% for noncontact and 16.1% for frontal injury sources.

In examining ejection, the report presents a table that shows that
injury from ejection in rear impacts account for about 3% of the
total harm. This compares to about 19% for all other modes.

"It is evident in the results shown in this table that ejections
are not a particularly significant problem ‘in rear impacts, per se
or in comparison with ejections in other impacts."

In specifically examining selected cases -- high injury and/or
damage in rear impacts =-- the report presents a series of tables
and concludes the following: "“The dominant source of injury is
"noncontact®, and there are substantial proportions assigned to
seatbacks and head restraints, as expected." It continues: "In
the case of front seat occupants, irrespective of restraint
status, about 15% of the harm is assigned to contacts with frontal
interior surfaces and components. A part of this harm might be
associated with the ’‘rebound effect’."

| n regard to safety belt effectiveness in rear impacts, the report
concludes that the effectiveness is about 40% in the reduction of
harm.

7. "Occupant Protection in Rear-End Collisions: I. Safety
Priorities and Seat Belt Effectiveness," Michael E. James,
Charles E. Strother, Charles Y. Warner, Robin L. Decker, and
Thomas R. Perl, Collision Safety Engineering, Inc., SAE Paper
#912913, Proceedings of the 35th Stapp Car Crash Conference,
San Diego, CA, November 18-20, 1991.

This paper reports the results using four published accident data
reports which examined injuries associated with rear impacts. The
four reports are (1) a December 1987 report, "Fatalities in Rear-
Impacted Small Cars from 1982 through 1887," Susan C. Partyka, one
of the four papers in the report, "Papers on Vehicle Size -- Cars
and Trucks," Page 125, DOT HS-807-294, NHTSA Technical Report,
June 1988; (2) a 198% Data Link report, "Car Crash Outcomes in
Rear Impacts," NHTSA supported research report, July 1989; (3)
another Data Link report, "Current Issues of Occupant Protection
in Car Rear Impacts," NHTSA supported research report, 1990 (also
has been reviewed separately in this section); (4) a 1990
Peugeot/Renault supported report, "Risk of Cervical Lesions in
Real-World and Simulated Collisions,® Foret-Brunc, J. Y., et al.,
the 34th AAAM Conference Proceedings, Scottsdale, Arizona, Page
373, October 1990.

These accident data studies show that rear impacts do not account
for a significant portion of automobile injuries; current
production seat backs, provide a high level of protection in rear
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impacts; and the injury mechani sms which may be addressed by rigid
seats make up a mnuscule proportion of rear inpact injuries.

These accident.data also provide additional information on the
effectiveness of. seat belts in rear inpacts. Reductions in
Societal Harmor injury of 37% to 47% are indicated.

8. "occupant Protection in Rear-End Collisions: Il. The Rule
of Seat Back Deformation in Injury Reduction," Charles Y.
VWarner, Charles E. Strother, Mchael B. Janmes, and Robin L
Decker, Collision Safety Engineering, Inc., SAE Paper
X912914, Proceedings of the 35th Stapp Car Crash Conference,
San Diego, CA, Novenber 18-20, 1991.

The authors indicate that this paper is partly in response to
NHTSA’s Docket No. 89-20, in relationto FMVSS No. 207, "seating
Systems. * They intend to arrive at an appropriate seat design

phi | osophy bY conmparing the appropriateness of a rigid seat design
and a controlled yielding seat design.

The approach is to review the legislative history of seating
systens standards, production seat characteristics, and rigid seat
b??k concerns in real-world rear inpacts - ranping and rebound

ef fects.

The paper states that the rul emaking hiSthY of "seat design"
standards indicates that the concept of yielding, energy absorbing
seat backs has always been considered the appropriate design
aﬁproach for passenger cars. Research findings associated with
the rulemaking efforts confirmthat rear inpacts do not represent
a substantial contribution to occupant injuries, and that yielding
seat backs can provide occupant protection.

The paper reviews static test data of 61 production seats.  Forty-

ei ght of themare fromprevious tests (SAE Paper #872214 which has
been reviewed in this section.) and 13 new tests. They state that |,
the static tests indicate that the strength of production

passenger car seats has not substantially changed over the past

t hree decades.

The paper discusses three mostinportant concerns related to rigia
seat backs - ranping, rebound, and out-of-position occupants. The
authors indicate that since frictional coefficients between
occupants and seat backs decrease dramatically wth increasing
pressure on the seat backs, ranping will occur on rigid seat backs
at lower rotation angle fromvertical. They indicate that rigid
seat backs have to be built on seats with adjustment features due
to practical considerations. During rear inpacts, adjustable
rigid seats will store moreel astic energy than non-adjustable
seats, therefore, will cause nore rebound. Finally, they indicate
that "[iJmpacts With a yielding seat back structure by an out-of-
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position occupant would be expected to be of reduced severity
because of the energy absorbing properties of the yielding seat.®

Based on the reviews, the authors conclude that rigid seat backs -
have the potential to increase injury exposure in real-world
impacts due to the above discussed three major concerns:

(1) Rigid seats have the potential of exposing unrestrained
occupants to impacts with the roof structure in severe rear
impacts. Ramping can be expected with seat back angles as low as
25 degrees from the vertical.

(2) Non-yielding seats, particularly those with adjustable seat
backs, can increase occupant rebound because all of the seat
deflection will represent elastic energy which will be returned to
occupants in the form of rebound velocity. Injuries associated
with rebound include whiplash and contacts with frontal vehicle
components.

(3) Rigid seats are potentially dangerous tO occupants not in the
"Normal Seated Position," especially unrestrained occupants. A
majority of rear-impacted vehicles experience pre-impact changes
in momentum which could cause occupants to be out-of-position at
impact.

9. "Influence of the Seat Belt and Head Rest Stiffness on the
Risk of Cervical Injuries in Rear Impact," J. Y. Foret-Bruno,
F. Dauvilliers, and C. Tarriere, Report No. 91-S8-W-19, the
13th ESV Conference, Paris, France, November 4-7, 19%1.

Rear impacts are statistically less freguent and severe than other
collision modes based on an analysis utilizing French accident

data files. Cervical injuries are the most frequent injury -- 27%

of the cases. Cervical injuries are mostly minor (AIS 1). This

is the case in 99% of the cases. In 1% of the cases these

injuries are severe, including fractures of the cervical

vertebrae. .

Recent studies by Renault indicate that head restraints are 30%
effective in reducing neck injuries. This effectiveness was
calculated at up to 60% for newer vehicles.

Information indicates that newer vehicles have a lower frequency
of seat back breakage. At above 25 km/h, 1871 to 1976 vehicles
have a breakage fregquency of 62%, whereas 1577 and never models
have a breakage frequency of 55%. It is indicated that the head
rest has become more effective because seats have become stiffer.
Thus, they conclude that the systematic installation of head rests
in all vehicles was a good initiative.

Their accident data indicate that the risk of cervical injury in
current seat types is highest without head rests mainly when the
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seat back does not break. For seats that had head rests tha risk
of cervical injury appears simlar for seats with and without
breakage. This is true throughout the different vehicle age

categori es.

A series of experimental sled testsutilizing the Hybrid Il dummy
were performed. Tests sinulated a 15 knmih inpact. Paraneters
studied included variations in the effect of head rest and seat
back stiffness. The results indicate "that the head rest, no
matter what its position in relation to the head, and no matter
whether it held under the force exerted by the head, reduces the
must predictive criteria of cervical injury".

The report indicates that the nost predictive criteria are shear
force and flexion torque. The tension force (pull on the neck)
and the extension torque are also given.

For seat back stiffness differences, it was indicated that
utilizing the "experimental" head rest, the nost predictive
criteria were simlar for both the stiff and normal seat backs.
The pull force (tension force) was reduced with the stiff seat

back.

10. "Upgrade Seating - Patents, Literature Search, and
Acci dent Analysis, " Kennerly Digges and John Morris,
University of Virginia, prepared for the National H ghway
Traffic Safety Adm nistration, Septenber 1, 1992.

This report describes current research sponsored by the agency.
The report is included in NHTsA’s Docket No. 89-20-N03. |t also
reviews selected literature, including some of the earliest
studies perfornmed on this subject by Severy and the Cornell
Aeronautics Laboratories.

VI.  SUMVARY

The primary safety concerns being raised fegardiqg seating system
performance relate to the possibility of increased risk of injury
when the seat back is damaged in rear inpacts. The damage to
seating systens in real-world collisions has been charac?er|zed as
seat "failure" and the solution proposed by some of the
petitioners and other commenters on this subject relates to
Increasing the strength of the seat back. The anal yses presented
in this report indicates that inprovenents in seating system
performance is nore conplex than sinply increasing the strength of
the seat back. Legitimte concerns exist over the potentia
increase in certain types of injuries that mght be associated
with strengthened seats. As indicated in several of the reports
eval uated, a proper "balance" in stiffness and conpatible _
interaction with head and beltrestraint systens nust beobtai ned
to ensure optimal injury mtigation.
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To assist in sorting out the information on this complex issue,
specific seating system performance issues were identified from

the literature review presented in this report. The first

category is concerned with seating system integrity. This refers
to the structural integrity of the seat and its anchorage to the
vehicle structure. The second category of issues refers to the
energy absorbing capability of the seat itself. The energy .
absorbing capability is characterized by the stiffness of the seat
back. It includes not only the manner inwhich the seat back
absorbs energy but also the manner in which it releases energy.

It is the structural integrity and energy absorbing issues that

are the primary focus of the rulemaking petitions and public
interest.

The third category of issues relates to the compatibility of the
seat back with respect to the head restraint, and the fourth
category relates to the compatibility of the seating system and
the safety belt restraint system. These two issues may relate to
FMVSS No. 202 on the head restraint and FMVSS Nos. 208 and 209 on
the safety belt restraint system.

Also, it should be stressed that while the current concern has
been focused on rear impacts, the seating system must function
properly in all crash modes. Thus, the four performance issues
discussed must be evaluated not only for rear impacts but, also,
frontal, side, and rollover crashes.

The agency’s National Accident Sampling System (NASS) was utilized
to examine the performance of seating systems in real-world
collisions. Analyses were conducted to identify any differences
in injury risk between occupants of damaged and undamaged seats.
Since both the likelihood of seat damage and injury increase with
crash severity, the only way to examine a possible causal
relationship between seat damage and injury is to control for
crash severity. In interpreting the results of these analyses, it
should be cautioned that some of the results may not be
statistically significant Since the sample size is fairly small
especially after controlling for crash severity. The analyses
were conducted separately for each crash mode. For rear impacts,
the results were mixed. For low crash severity crashes, occupants
of damaged seats had higher injury rates than occupants of
undamaged seats. However, for the higher crash severities, the
occupants of damaged seats had lower injury rates. |n frontal
crashes, the results were more consistent. 1In all ranges of crash
severity the occupants of damaged seats had higher injury rates.

The real-world collision data utilizing NASS also does not
indicate a greater likelihood of ejection with or without seat
damage. However, from information and reports presented in the
docket, based on analyses of selected individual collisions with
seat damage, there are indications of ejection associated with
seat damage in rear impacts. The data do not indicate that
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occupant "ramping" up a danmged seat is a mgjor concern vis-a-vis
exposure to rear conponents. There are data to support the
concept of "rebound" into the frontal conponents after rear

I mpacts.  However, the evidence of this phenonenon does not
suggest a significant safety problemand is based primarily on
mnor injuries received fron1contact|n? frontal conponents. But

it does indicate that any stiffening of the seat back mnust

consi der this phenonenon.

The real-world collision data do not support any concern related
to the operation of safety belt systems. Further, it should be
cautioned that many of these frontal contacts are not due to
rebound off the seat, but could beattributable to secondary
frontal inpacts or contact with frontal conponents as the oCcupant
IS rotat|n? back in response to rear inpact forces. These

anal yses al'so reinforce the need to evaluate head restraint'
performance along with any changes in seat back stiffness.

The |aboratory data evaluated in this report denonstrate that a
proper balance in stiffness nust be achieved to obtain optinal
safety results. Again, the |aboratory data are inconclusive in
i ndicating any evidence that seating systens are not performng
appropriately. Mst of the laboratory efforts have utilized
dunm es which were not developed to sinulate rear inpact

ki nemati cs. The research does support the need to address both
the head restraint and seat back performance together.

The agency's conpliance and New Car Assessment Program rear and
frontal crash tests are analyzed as to seating system perfornance.
The tests indicate frequent seat danmge in rear Inpacts due to
dummy loading. The production vehicle seats all rotated backward
permanently and nost of them touched the rear seat backs when
subjected to 35 nph rigid barrier rear inpacts. The results of
this review did not indicate a problemwth ranping, but did
indicate potential rebound problems. No problens were noted with
the operation of the safety belt in the rear inpact tests. pamage |,
in frontal inpacts was rare and involved seat hardware or
anchorage breakage. The frontal NCAP tests indicate that the |oss
of seat integrity exacerbates the dummes' injuries.

A review of the agency's consunmer conplaint and recall files

i ndi cated several cases of seat back collapse under normal driving
conditions wthout any crash event. Sone of the seat defects are
not crash related, but they may cause the driver to |ose control

of the vehicle while the vehicle is in operation.

In reviewing the responses to the agency's public request for
information on this subject area, the responses were mxed.
Debate continues as to whether today's production seats provide
appropriate performance characteristics to mnimze injuries. In
general, the vehicle manufacturers indicate that the seating
system is performng adequately and that the standard dues not
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need %o be upgraded. They indicate that a safety need has not
been demonstrated, and that stiffening seat backs may create
additional problems. Several accident investigators and
researchers have presented case study information on cases
involving occupant injuries in vehicles with damaged seats. Most
of the arguments utilize the same available -accident files, tests,
and reports to arrive at different conclusions. The agency cannot -
clearly conclude the issue based on the comments.

From the literature review, the difference in judgment on the
performance of seating systems continues the debate. There is the
view that seat backs should be designed to have a "controlled
yielding" for energy absorption. However, the literature does not
have practical designs for "controlled yielding" seat backs.

There is another view that seat backs should be designed rigid
enough to resist rotating backward and to prevent ramping. ®Goth
design ideas are with merit with appropriate limitations and is
why many researchers indicate designs must strive for a proper
"balance" of these characteristics. The characteristics refer to
a consideration of the four issues discussed in the previous
paragraphs on structural integrity, energy absorption, head
restraint compatibility, and safety belt restraint compatibility.
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Summary

This report describes an exploratory data analysis.of seat damage and
occupant injury performed to provide insight into injury mechanisms, to’
suggest questions for further research, and to help establish the safety
priority of these questions. Occupant involvements and injuries were
estimated from a statistical survey Of towaway crashes, and these estimates
are subject to sampling and nonsampling error. Estimates of sampling
variability are beyond the scope of the present effort, and no claims of
statistical significance are implied by the comparisons made here.

Ten percent of occupied front-outboard seats (the driver and right-front
seats) in passenger cars involved in towaway crashes from 1988 to 1990 were
permanently deformed (by occupant impact or intrusion) or their hardware was
damaged in the crash (the seat adjusters, folding locks, tracks, or anchors
were broken), for an average of 321,000 occupied seats damaged a year. Seat
deformation was more common than broken seat hardware, and in one year:

135,000 (42 percent) seats were deformed by vehicle intrusion,
113,000 (35 percent) seats were deformed by occupant loading, and
74,000 (23 percent) seats had broken hardware.

Data from 1978 and 1979 suggest that at that time more deformed front
seats were loaded by rear-seat occupants than by occupants of the front seat
itself, even though most towaway crashes did not involve rear-seat occupants.
The 1988 to 1990 data do not describe which occupant loaded a deformed seat,
but some confirmation of the earlier result is found in the association
between front-seat damage and rear-seat occupancy. An occupied front seat in
a towaway crash was more likely to be damaged if there was a rear-seat
occupant immediately behind it. The proportion of seats damaged was:

10 percent when there was no occupant seated behind,
18 percent when there was one occupant seated behind, and
29 percent when there were two or more occupants seated behind.

Seat damage-was more common in rear impacts than in other towaway
crashes. In side impacts, seats on the impacted side (near-side crashes) were
damaged more.frequently than seats away from the impact (féyg'side crashes).

In recent (1988 to 1990) towaway crashes,

38 percent of seats in rear impacts were damaged,

19 percent of seats in near-side impacts were damaged,

9 percent of seats in rollover crashes were damaged,

7 percent of seats in far-side impacts were damaged, and
5 percent of seats in frontal impacts were damaged.
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The type of seat damage differed by impact type. Deformation from
occupant loading caused 42 percent of the seat damage in frontal impacts and
71 percent in rear impacts, Deformation from vehicle intrusion caused most
seat damage in side impacts: 80 .percent in near-side impacts and 71 percent in
far-side impacts, "The most common seat damage in rollover crashes was broken
folding locks {40 percent of the damaged seats).

The frequency of seat damage did not vary greatly by seat type (that is,
for bucket and bench styles, with or without a folding back) or vehicle curb
weight, but there were differences by vehicle age. A larger fraction of seats
in the older cars involved in towaway crashes from 1988 to 1990 were damaged,
and the pattern was clearest in front and rear impacts. These patterns may
reflect vehicle design changes, vehicle aging effects, or differences in
vehicle use (including differences in crash speed) between newer and older
cars. .

In rear impacts, heavier occupants were more likely to have their seats
damaged; the pattern was less clear in frontal impacts. Belts were used more
often in undamaged than in damaged seats, possibly because belt users tended
to be involved in lower-speed crashes. It is not clear from these data
whether belt use reduced occupant-induced seat deformation and hardware damage
in some crashes by restricting occupant movement, but less-frequent belt use
in damaged seats is consistent with this possibility. Among unbelted
occupants ,, ejection was more likely in damaged than in undamaged seats in
rollover,- frontal, near-side, and far-side impacts; again, this difference
may reflect the more-severe crash forces associated with seat damage. In rear
impacts , the estimated ejection risk was lower in damaged than in undamaged
seats) but these estimates are based on a small number of cases.

Injury risk was greater in damaged seats, largely because seat damage
tends to occur in higher-severity crashes. Less-frequent belt use and more-
frequent ejection in damaged seats also contributed to higher injury risk. It
is difficult to estimate the incremental effect of seat damage on occupant
injury because crash severity increased the risk of both damage and injury.
This may be particularly true in side impacts, where most seat damage was
caused by intrusion. Occupants in the rear seat also tended to be injured
more often {especially from contact with the front seatback) when the seat
directly in front of them was damaged in the crash. Again, this association
may reflect severe crash forces that led to both front-seat damage and injury
to the rear-seat occupant, For example,some rear-seat cccupants may have
been forced against the front seatback by crash forces, causing both seat
damage and injury from seatback contact.

Injury risk comparisons are more meaningful after accounting for
differences in crash severity. In frontal crashes, occupants of damaged seats
were more likely to be injured than were occupants in undamaged seats for each
10 mile-per-hour {mph) range of delta ¥. It is not clear from these data
whether stronger seats would have prevented injury, because crashes in which
seats were damaged may dkffer in impertant ways from other crashes with
similar delta Vs. Differences in the likelihood of injury between damaged and
undamaged seats were greatest for the less-severe frontal crashes, and any
effect of s€at damage on injury may also depend on crash séverity.

Injury comparisons for other impact types were limited by the small
number of cases in each 10 mph range (this was the case for rear impacts}, the
lack of a good crash severity measure (for rollover crashes), and the
likelihood that seat damage acted (at least in part) as a surrogate for the
extent of passenger compartment intrusion and the likelihood of direct injury
from this intrusion (for side impacts).
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Data

The 1988 to 1990 National Accident Sampling System (NASS) describes
vehicle damage (including permanent seat deformation and other seat damage)
and occupant injury in light vehicles that were towed from the scene because
of damage received in the crash. The NASS sites were randomly selected from
the nation and cases are selected randomly in-each site, so the weighted NASS
data are national estimates of light vehicle towaway crashes. The 1988 and
1989 NASS data were weighted using the simple inflation factors; the 1990
data were weighted using the ratio-adjusted inflation factors. The resulting
estimates include both sampling and nonsampling errors, as do all surveys.

The NASS weighting factors are, in general, noninteger; the weighted
counts were rounded to integers for this report, causing some apparent small
inconsistencies in the totals. Some NASS cases were selected for special
study rather than for statistical estimation; they are included in the case
count, but have a weighting factor of zero. Estimates based on a small number
of cases (as indicated in the tables presented here) can only suggest national
totals. Some data are difficult to obtain and are frequently missing: NASS
estimates that require detailed information are low unless the estimates are
adjusted for missing data. The NASS totals presented in the tables in this
report have not been adjusted for missing data, but the percentages provided
have been galculated from the known data.

The scope of this report is occupants of towed passenger cars, defined
as NASS Body Types 1 to 9. Vehicle impacts were described as rollover or
nonrollover; nonrollovers were described further by the primary damage area.
Rollover crashes are those in which the car rolled over at least one quarter
turn, regardless of the timing or severity of the rollover event. Rollovers
can be identified from a variety of sources (including a vehicle inspection,
police report, or interview), but the damage area can be determined only from
a NASS vehicle inspection. The damage area was defined from the primary (most
severe) General Area of Damage (GAD) in the groups: front, near-side (drivers
in left-side impacts and right-front passengers in right-side impacts), far-
side (drivers in right-side impacts and right-front passengers in left-side
impacts) , rear, and other (top and undercarriage, combined). The damage area
was unknown for some inspected vehicles, including those repaired before
inspection and some with complex, multiple-impact events.

The damage extent zone describes vehicle crush on a scale of one to
nine. This measure was known for all identified frontal, near-side, far-side,
and rear nonrollover impacts -because GAD and extent zone are coded together as
part of the Collision Deformation Classification (CDC). The extent zone for
the most severe damage to a rollover vehicle was known only if the CDC was
completed. The primary extent zone for rollover vehicles need not reflect the
rollover event itself, but might reflect an earlier or later nonrollover
impact. Extensive vehicle damage was defined for this report as damage to
extent zone three or beyond. Crash severity is measured by delta V, which is
an estimate of the change in velocity during impact.

Injury severity was defined in terms of the maximum Abbreviated Injury
Scale (AIS).~value for each occupant, categorized as: no injiry, minor injury
(AIS 1 survivor), moderate injury (AIS 2 survivor), and serious injury (AIS 3
to 6, or fatality). Occupants for whom it was unknown whether they were
injured were considered uninjured; surviving occupants who were injured with
unknown severity were censidered to have suffered minor injury. The mecderate
and serious injury rates were defined as the fraction of involved occupants
with at least moderate or serious injury (including fatality), respectively.

9
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Individual moderate and more severe injuries were described using the
Occupant Injury Classification (OIC) body regions and the associated injury
contact source. Body regions were categorized into five groups using the 2IC.

Body Area  QIC Bodv Region

Head-neck H, F, N
Torso B, c, M, P, §
Arm A E, R, W, X
Leg K, L,Q, T, Y
Unknown 0, U

¥

Injury contacts were grouped by whether the contact was forward or
behind a normally-seated front-seat occupant, in order to .identify injuries
that might not have occurred in an undamaged seat. Front components include
{but are not limited to) the windshield, instrument panel, and front floor
area; rear components include the rear header, backlight area, and pillars
rearward of the B-pillar. The distinction between front and rear components
could not be made for many identified components (such as the B-pillar, side
rails , and roof) because the injury contact codes do not specify in enough
detail their location in relation to the pre-crash occupant seating position.

jury rce Area BASS Iniurv Coptgct

= Front component i-16, 20-22, 25, 30-32,
35, 50, 56-59
Rear component 24, 34, 51, 60-62
Seatback 40, 44
Insufficient detail All other coded
Unknown contact 97

The NASS definitions for all data elements used in this report are
described in detail in the investigators’ reference manuals (National Accident
Sampling System 1988 Crashworthiness Data System Data Collection, Coding and
Editing Manual (National Center for Statistics and Analysis (NCSA), National
Highway Traffic Safety Administration (NHTSA), DOT-HS-807-196, January 1988;
and the corresponding versions for later years),

The only other statistical source of detailed seat damage information is
the National Crash Severity Study (NCSS} .data collected from April 1978 to
March 1979. The NCSS data describe the location, direction, and cause of ail
seat intrusions (for occupied and unoccupied seats), as well as vehicle damage
and occupant injury. The NCSS data are described in NCS§ -- The Analyst's
Companion: A Description of the National Crash Severity Study Statistical Data
File {S. Partyka, NCSA, NHTSA, DOT-HS-805-871, May 1981). The NCSS cases were
selected by probability methods at eight team sites by seven teams, but the
sites were a judgment sample. from areas with experienced investigators. The
NCSS data may not represent the national experience, but they are generally
accepted as useful descriptions of the relationship between vehicle damage and
occupant injury.

Crude-(order-of -magnitude) national estimates were mdde from the
weighted NCSS data in order to put the results in some perspective. The
scaling factor used was the ratio of car occupant fatalities in the Fatal
Accident Reporting System (FARS; Body Types 1 to 4, and 6 to 9) to the number
investigated by NCSS during these twelve months (NCS3 Body Types 1 to 3). The
early FARS data are described in the Fatal Accident Reporting System User'’s
Guide (NCSA, NHTSA, unpublished document, August 1981).
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Frequency of Seat Damage

The three years of NASS described here include 25,310 front-outboard car
occupants, of whom 19,719 were in cars that were at least partially inspected
(Table 1). No adjustments for missing inspection, vehicle damage, or occupant
injury data have been made in the tables, and the simple weighted data (shown
in all tables) tend to underestimate the number of national occurrences unless
such adjustments are made. For example, the weighted data on seat performance
might be adjusted by a factor of 1.32 to account for uninspected vehicles,
under an assumption that vehicle inspections are missing at random. The rest
of this report describes the data obtained from inspected vehicles.

Table 1: Vehicle Inspections for Front-Outboard Occupants
(1988-1990 NASS Towed Cars)

Inspection Actual

Cases  Heighted Nugber
None 5,591 2,322,336 24%
Complete 15,692 5,572,400 58X
Bartial 4,027 ) 162
Total 25,310 9,549,285 100X

Seat,performance was unknown for three percent of the occupants of
inspected vehicles. An estimated ten percent of these occupants had broken
seats or seats with other crash-induced residual deformation (Table 2), and
these outcomes are referred to collectively as sear damage in this report;
seat bending that does not result in permanent deformation or other damage is
not identified by NASS. Seat damage includes broken seat components (seat
adjusters, seat back folding locks, tracks, and anchors), occupant impact
deformation, and deformation caused by vehicle intrusion into the passenger
compartment. The remainder of this report is based on seated occupants
(excluding the thirteen investigated occupants without a seat at their
location).

Table 2: Seat Performance for Front-Outboard Occupants
(1988-1990 NASS Inspected Towed cars)

Seat Actual | .
Perforgance

No seat 13 4,747

No damage 15,694 6,247,064 90X
Damaged 3,598 7(;)5,17.01 10X
Unknown bl —
Total 19.719 7,136,950 100X

The annual number of front-outboard occupants in seats damaged in
towavay crashes (adjusted for missing vehicle inspections and unknown seat
damage) can be estimated from the proportion implied by Table 2,

< 705,401 s
4,747 + 6,247,064 + 705,401’

applied to the 9,549,285 front-outboard occupants involved in the three years
included here (Table 1) -- which suggests about 321,000 damaged seats a year.
Damage to unoccupied seats is not reported on the computer file, but the
information was collected during the vehicle inspection and is available on
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the completed NASS data forms. Seat damage type was also handwritten on the
1988 and 1989 NASS forms, but not automated; seat damage type for these years
can be determined only by reviewing the forms. The specific type of seat
damage was automated beginning in 1990, and these data are described later in
this report. Access to the NASS data forms and photographic slides of the
damaged vehicles is maintained by NCSA for those who need additional detail.

Half the front-outboard occupants were in bucket seats with a folding
back (Table 3). The main types of seats identified were:

19 percent in bucket seats without a folding back,

50 percent in bucket seats with a folding back,

21 percent in bench seats without a folding back,

9 percent in bench seats with a folding back, and

1 percent in other types of seats (including pedestal seats).

The overall risk of seat damage in towaway crashes did not differ greatly by
seat type. Seats were damaged for:

9 percent of occupants in bucket seats without a folding back,

10 percent of occupants in bucket seats with a folding back,

Il percent of eccupants in bench seats without a folding back,
. 10 percent of occupants in bench seats with a folding back, and

9 percent of occupants in other types of seats.

All types of seats were about as likely to be damaged, so the data are not
separated by seat type for most of this report.

Table 3: Seat Type and Seat Performance
(1988-1990 NASS Front-Outboard Seats of Inspected Towed Cars)

Seat Actual Weighted  Percent
Sear Tvoe _ Perforpance  _(ages Dapaged
Bucket, not folding Ko damage 3,084 1,167,242
Bucket, not folding Damaged 649 115,138 9%
i —if
Bucket, not folding Total 3,781 1,311,316
Bucket , folding No damage - 7,624 3,145,763
Bucket, folding . Damaged 1,786 351,493 10X
A : —i32 fl.72
Bucket , folding Tot 9,560 3,558,980
Bench, not folding No damage 3,541 1,321,215
Bench, not folding Damaged 820 170,144 11X
—32 . 13.632
Bench, not folding Total 4,413 1,510,991
Bench, folding No damage 1,404 575,997
Bench, folding Damaged 327 65,098 102
i ——tl
Bench, folding Total 1,735 646,410
-~ QOther type No damage 40 35291 ..
Other type Damaged 17 3,514 9x
QOther type Total 37 39,805
Unknown Ko damage 1 554
Unknoen Zamaged i i3
Unkacwn Lis) Artares) 138 £6,134
Unknown Total 140 64,701
Total Total 19,706 7,132,203



The frequency of seat damage differed greatly by crash type (Table 4).
Occupied seats in towaway crashes were damaged in:

9 percent of rollovers,

5 percent of nonrollover frontal impacts,

19 percent of nonrollover near-side impacts,

7 percent of nonrollover far-side impacts, i

38 percent of nonrollover rear impacts, and

1 percent of other nonrollover crashes (those involving top and
undercarriage damage).

More than a third of seats occupied in cars towed from a rear impact were
damaged - - a substantially higher risk than for any other impact type. These

data also indicate that a third (32 percent) of damaged seats with known

impact type were involved in rear impacts, a quarter (27 percent) were in
near-side impacts, and a quarter (26 percent) were in frontal impacts. Far-

side impacts (nine percent), rollovers (six percent), and other impacts (0.1
percent) accounted for smaller numbers of damaged seats. The rest of this

report is based on vehicles with one of the five primary known impact types
(rollover, front, near-side, far-side, and rear). .

Table 4: Impact Type end Seat Performance
(1988-1990 NASS Front-Outboard Seats of Inspected Toved Cars)

I mpact Seat Actual Weighted Percent
Rollover 0 damage 1.364 452,287
Rollover Damaged ‘344 42,915 9%
o”over Uoknown —il
ollover Total 1,743 503,732
Front No damage 8,461 3,135,410
Front Damaged 1,201 174,728 5%
Ereng Uoknovn il i
Front Total 9,833 3,381,851
Near-side No damage 1,690 810,737
Near-side Damaged 966 184,984 19%
- Unknown —31 —11.309
ear-side Total 2,687 1,007,030
Far-side No damage 2,066 032,043
Far-side Damaged 338 63,538 %
Far-side Total 2,440 912,670
Rear No damage 739 359,292
Rear Damaged 610 217,075 382
Rear Unknowny )
Rear Total 1,373 599,430
Other fo damage 88 52,704
Other -~  Damaged 5 348 1%
Qther 4 6,040
Other Total 97 59,171
- Unknovn No damage 1.286 604,511 =
Unknown Damaged 134 21,812 3%
. Xe) nknowm 107 41,997
Unknown ot 1,527 668,320
Total Total 13,7C6 7,132,203



Vehicle size was defined from curb weight, as minicompact-subcompact (up
to 2,449 pounds), compact (2,450 to 2,949 pounds), intermediate (2,950 to
3,449 pounds), and fullsize-largest (over 3,449 pounds). Vehicle age was
defined as calendar year minus model year. The risk of seat damage did not
seem to differ greatly by vehicle curb weight within categories of towaway
impact type (Table 3); for example, there was ne clear pattern of greater
risk of seat damage for lighter cars. Seat d&age did appear more freguent in
older vehicles, especially in front and rear impacts (Table 6).

Bercent of Seats Damaged in Crash
Vehicle Agean Years Em&t_lmm Rear Impacts
Under 2 years old 29%
Two to three years az 36%
Four to six years 5% 33%
Seven to ten years 6% 43%
Eleven years and more 8% 55%

These data represent only three calendar years of crash experience, making it
difficult to separate the effects of vehicle age from the effects of design
changes over the model years represented by these data. It is also possible
that the older cars included 'here crashed at higher speeds, and that the
differences in seat damage reflect differences in vehicle use.

The likelihood of seat damage appeared greater for heavier people when
they were unbelted occupants in rear impacts, belted occupants in rear
impacts, and unbelted occupants in frontal impacts (Table 7, based on
occupants whose seat performance -- whether the seat was damaged -- was
known}. Belted occupants include those using any safety belt or child safety
seat, but do not include those protected by an airbag alone. The estimates
are summarized below,

Percent of Seats Damaged in Crash
Weight in  Unbelted Qccupants  helted QOccupants

Pounds Frontal Rear Frontal Reag
Up to 125 6% 24% 3% 307
126- 175 9% 52% 5% 35%
Over 175 9% 48% 3% 45%

Among unbelted occupants in rear impacts, the estimated risk of seat damage
was twice as high for those who weighed more than 125 pounds as it was for
lighter occupants. The estimated risk of seat damage was half again as high
among the heaviest occupants (those over 175 pounds) as among the lightest
occupants (those up to 125 pounds) for those who were belted in rear impacts
and those who were unbelted in frontal impacts, The estimated likelihood of
seat damage for belted occupants in frontal impacts did not vary with occupant
weight in the same way, and both the lightest and the heaviest occupants had
about the same proportion of damaged seats (about three percent, compared to
five percent for the middie veight group}.

A description of the seat damage is available on the NASS computer file
beginning in 1990. The 1990 data (presented later in this report) indicate
that the type of seat damage varied with impact type. Most seat damage in
rear impacts was caused by occupant loading of the seat, which would make
occupant weight and belt use important factors in this crash type. However,
the automated NASS data do not indicate whether the seat was loaded from the
front (by the occupant of that seat) or from the rear (by another occupant).
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Table 5. Impact Type,

Vehicle Size, and Seat Performance
(1988-1990 NASS Frcat-Outboard Seats of Inspected Toved Cars)

Impact Vehicle Size Seat Actual . Weighted Percent
- Wei
Rollover Mini/Subcompact No damage 695 244,513
Rollover Mini/Subcompact Damaged 147 23,225 9%
Rollover Compact No damage 334 93,055
Rollover Compact Damaged 97 ,545 82
Rollover Intermediate No damage 225 83,889
Rollover Intermediate Damaged 64 8,283 92
Rol lover Fullsize/Largest  No damage 107 29,034
Rollover Fullsize/io-zest  Damaged 36 2,862 9%
Rollover Unknovn No damage 3 196
Rollover Unknovn Damage 0 0
Front Mini/Subcompact No damage 2,907 1,145,501
Front Mini/Subcompact Damaged 412 ,839 4%
Front Compact No damage 2,198 780,180
Front Compact Damaged 325 48,788 6%
Front Intermediate No damage 1,762 673,517
Front Intermediate Damaged 242 30,809 4%
Front Fullsize/Lirgest  NO damage 1,499
Front Fullsize/Largest Damagedg 221 52%??? %
Front Unknowvn No damage 15 2,221
Front Unknown Damage 1 138
Near -side  Mini/Subccempact No damage 605 268,481
Near-side Mini/Subcompact Damaged 359 63,089 19%
Near-side Compact No damage 441 234,207
Near-side Cocsact Damaged 259 59,116 20%
Near -side  Intermediate No damage 330 162,999
Near-side Intemediate Damaged 194 35,667 18%
Near-side Fullsize/Largest  No damage 313 145,000
Near-side Fullsize/Largest  Damaged 153 26,540 15%
Near-side Unknowvn No damage 1 49
Near-side Unknown Damage 1 571
Far-side Mini/Subcompact No damage 720 259,980
Far-side Mini/Subcompac t Damaged 108 17,794 6%
Far-side Compact No dazzage 546 234,530
Par-side Compact Damaged 101 12,537 5%
Far-side Intermediate No damage 431 199,608
Far-side Intermediate Damaged 71 13,141 6%
Far-side Fullsize/Largest Nodamage 367 137,672
Far -side Fullsize/Largest  Damaged 57 19,916 13%
Far-side Unknovn No damage 2 173
Far-side Unknovn Damage 1 150
Rear MiniASubcompact No damage 290 139,295
Rear Mini/Subcozpact Damaged 228 82,935 37%
Rear Cozpact No damape 186 102,429
Lear Cozpact Damaged 163 60,451. 371%
Rear Intenediate No damage 139
Rear Interaediate Euagec?g 122 ff'ggg 40%
Rear Fullsize/Largest SO damage 123 35, jj7
Rear Fulisize/Largest Damaged 96 32,144 3%
Rear Unknown No damage 1 10
Rear Unknown Damage 1 10



Table 6: Impact Type, Vehicle Age, and Seat Performance

{1988-19%0 NASS Front-Outboard Seals of Inspected Towed Cars)
Impact Vehicle Age  Seat Actua Weighted Percent
Rollover Under 2 No damage 311 71,466
Rollover Under 2 Damaged 63 7,893 10%
Roilover 2103 No damage 263 86,838
Rollover 2t03 Damaged 48 7,668 8%
Rollover 4 to 6 No damage 298 116,901
Rollover 410 6 Damaged 83 . 540 24
Rollover 7 to 10 No damage 277 109,346 A
Rollover 7 to 10 Damaged 89 11,037 8%
Rollover 11 ,us Ro damage 215 67,716
Rollover 11 Bus Damaged 3] 8,777 9X
Front Under 2 No damage 1,548 479,289
Front Under 2 Damaged 170 14,235 3%
Front 2to3 NoO damage 1,708 577,837
Front 2t03 Damaged 175 21,910 4%
Front 410 6 No damage 1,789 693,459
Front 4106 Damaged 249 33,643 5%
Front 7 to Ib No damage 1,823 809,223
Front 7 to 10 Damaged 343 55,449 6%
Front 11 plus No damage 1,393 ~73,600
Front 11 plus Damaged 264 49.491 3%
Near-side Under 2 No damage 291 ~26,600
Near-side Under 2 Damaged 174 24,913 16%
Near-side 2t03 No damage 366 188,957
Near-side 2to3 Dapaged 190 25,218 12%
Near-side 4106 No damage 423 203,421
Wear-side 4106 Damaged 228 44,853 18%
Near-side 7 te 10 No damage 330 157,804
Near-side 7 to 10 Damaged 229 36,293 19%
Near-side 11 plus No damage 280 133,956
Near-side 11 plus Damaged 143 33,705 29%
Far-side Undtr 2 No damage 349 125,824
Far-side Under 2 Damaged 50 6,352 3%
Far-side 2to3 No damage 422 184,366
Far-side 2to3 Damaged 77 10,696 3%
Far-side 4to0 6' No damage 508 192,365
Far-side 4to 6 Damaged 71 10,018 5%
Far-side 710 10 No damage 423 179,047
Far-side 7 to 10 Damaged 81 13,256 %
Far-ride 11 plus No damsge 362 150,240
Far-side 11 plus Damaged 39 23,217 13%

o No damage 69,432
Resr Utfthar 2 Damaged 193 27,853 29%
Rear 2103 Nodazage 14% 56,193
Rear 2to3 Damaged 116 31,464 "'36%
Rear 4106 No damage 205 130,408
Rear 4106 Damaged 163 63,498 33%
Rezr 71to 10 N5 dizare 134 66,512
Rear 7to 10 Damaged 125 49,427 43%
Rear 11 plus No dazage g5 36,833
Rear 11 plus Damaged 113 44,833 55%
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Table 7: Occupant Weight and Seat Performance in Frontal and Rear Impacts

(1988-1990 NASS

ront-Outboard Seats of Inspected Toved Cars)

Impact Belt Weight in Seat Actual . Weighted Percent
Frent No Up to 125 No damage 652 202,714

Front No Up to 125 Damage 99 11,881 6%
Front No 126-175 No damage 1,468 418,932

Front No 126-175 Damage 306 42,429 9%
Front No Over 175 No damage 716 224,093

Front No Over 175 Damage 169 21,653 9%
Front No Unknovn No damage 926 298,208

Front No Unknown Damage 207 27,380

Front No Total No damage 3,762 1,143,946

Front No Total Damage 781 03,354 0%
Front Yes W to 125 No damage 959 443,963

Front Yes p to 125 Damage 87 12,371 3%
Front Yes 126-175 No damage 1,894 701,748

Front Yes 126-173 Damage 162 37,043 5%
Front  Yes  Over 175 No damage 937 404,441

Front Yes Over 175 Damage n 10,799 3%
Front Yes Unknovn No damage 780 310,109

Front Yes Unknown Pamage ar 8,803

Front Yes Total No damage 4,570 1,940,262

Front Yes Total Damage 407 69,816 3%
Rear No ldP to 125 No damage 34 19,560

Rear No p to 125  Damage 17 6,220 24%
Rear No 126-175 No damage 66 21,831

Rear No 126-173 Tamage 62 23321 52%
Rear No Over 175 No damage 29 14,693

Rear No Over 175 Damage 39 13,769 48%
Rear No Unknowvn No damage 35 19,254

Rear No Unknown Damage 47 16,678

Rear No Total. No damage 164 75,337

Rear No Total Danage 165 59,988 44%
Rear Yes up to 125 No damage 136 59,906

Rear Yes up to 125 Damage 37 25,095 30%
Rear Yes 126-)75 No dapage 236 113,896

Rear Yes 126-175 Damage 173 60,390 33%
Rear Yes Over 175 NoO damage 87 84,067

Rear Yes Over 175 Damage 129 43,538 45%

“Rear Yes Unknown No damage 102 51,319"

Rear Yes Unknewn Damage n 25,510

Rea Yes Total No dazege 561 279,188

Pe2 Yes Tzeal Demage 435 134 754 3€%
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Injury Freguency by Seat Damage

An estimated nine percent of occupants in undamaged seats in towaway
crashes of known impact type were at least moderately injured. The weighted
data for the three years of NASS used here indicate an estimated:

393,479 injured at AIS 2 and
110,888 injured at AIS 3-6 or killed, among a total of
5,589,769 involved in undamaged seats

from 1988 to 1990. In contrast, an estimated 26 percent of those in damaged
Seats in towaway crashes of known impact type were at least moderately
injured. From 1988 to 1990, there were an estimated:

88,277 injured at AIS 2 and
88,589 injured at AIS 3-6 or killed, among a total of
683,241 involved in damaged seats

based on the NASS weighted data (unadjusted for missing impact type and seat
damage data). Injury risk varied by impact type, but occupants of damaged
seats were injured more frequently than were occupants of undamaged seats
within each impact type (Table 8). The higher injury risk in damaged seats
may reflect (at least in part) the greater impact forces in the crashes in
which seats were damaged. Vehicle crash severity is considered later in this
report.

The risks of moderate-to-maximum injury (the moderate injury rate,
calculated as injuries per involved occupant) and serious-to-maximum injury
{the serious injury rate) were higher in damaged seats and varied by vehicle
impact type, as follows.

Moderate Injury Rate Serious Iniurv Rate

No Seat Damage Damaged Seat No Seat Damage Damaged Seat
Rollover 17 percent 49 percent 5 percent 22 percent
Front 9 percent 34 percent 2 percent 16 percent
Near-side 7 percent 38 percent 1 percent 21 percent
Far-side 8 percent 23 percent 1 percent 13 percent
Rear 3 percent 5 percent 1 percent 1 percent

Occupied seats were more to be damaged in near-side than in far-side crashes
(Table 43, and the injury risk in damaged seats was higher in near-side than
in far-side crashes (Table 8). These data do not suggest whether seat damage
increased injury (for example, by providing less protection than if the Seat
had been undamaged) or decreased injury (for example, by absorbing crash
forces), and it may not be ppssible to draw such conclusions from the
automated data. One complication is the relationship between seat damage and
crash severity, which is explored later in this report,

-
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Table 8: Ir,r\IFaCt Tvae, Seat Performance, and Injur; Severity
(1988-1990 NASS Front-Cutboard Seats of Inspected Toved Cars)
I mpact Seat Injury Actual -
v n )
ollover Hodmge Uninjured 182 149,992 33§
Rollover No damage AlS ) 690 225,387  50%
Rollover No damage AlS 2 . 253 54,581 12%
Bﬂr}m’n z —239 7 33
Rollover No damage Total 1,364 452,287 100X
Rol lover Damaged Uni r,} urtd 2,014 5%
Rollover Damaged AIS 1: 20,083  47%
Rollover Lazaged AlIS 2 68 11177 26%
E?HQVQI - 4 9,641 22%
ollover Damaged Total b 42,915 1002
Frent No damage Uninjured 2,136 1,512,842  48%
Front No damane AlS 4,436 1,324,793 42%
Front No damage AlS 2 1.245 234,329 7%
F[QRI No damage 915 f'ﬁ g4t gg u.g 5;
ront No damage ota ,461 ,135,41 100<
Front Damaged Uninjured 78 32,370 1%
Front Damaged AlIS 477 83,690 48%
Front Damaged AlS 2 220 30,158 17%
Pront - 426 %
Front Damaged Tot 1,201 174,728 100X
Near-side No damage Uninjured 472 390,375 48%
Near-side No damage AlS 1 895 366,882 45%
Near-side 5 dagaoe AlS 2 223 41,853 50/.0
__iae No darage = ~1b.628 _ 1%
Near -9de ot 1,690 810,737 100%
Near-side  Damaged Uni ni'ured 47 23,579  13%
Near-side Damaged AlS 337 90,239 4%
Near-side Damaged AlS 2 192 31,639 1%
Near-side - 290 213
Near-side Damaged Tot 966 184,984 100X
Far -sde No damage 640 410,472  49%
Far-side No damage Uninjured 1,034 356,441  43%
Far-cida NO damage AIS 2 251 53,614 6%
Far-side No dapage = 14l Al.31é _1%
No damage ot 2,066 832,043 100
Far-side Damaged Uninjured 29 9,224  15%
Far-side Damaged AIS 1 134 39,974 63X
Far-side Damaged AIS 2 53 5,932 9%
-] - 122 8,609 3
Far-side Damaged Total 338 63,538 100%
Rear No damage Uni ni'ured 243 182,200 51%
Rear No damage AIS 441 166,019  46%
Rear No damage AlS 2 42 9,103 kY4
Rear z k] L9271
Rear No damage Total 739 359,292  100%
Rear Damaged Unini'ured 123 55,927 26X
Rear anaged AlS 404 149,275 69X
Rear ged AlS 2 52 . 42
Rear 3-6 21 :
Damaged Tot 610 217,075 100%
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Moderate injury appears more likely for occupants in damaged (compared
to undamaged) seats in rollovers (Table 9), frontal impacts (Table 10), near-
side impacts (Table 11}, and far-side impacts (Table 12} -- for both belted
and unbelted occupants= This means, for example, that risk of injury among
unbelted occupants in frontal impacts was greater in damaged than in undamaged
seats. The effect is not as clear in rear impacts (Table 13), possibly
because there are so few moderate injuries in ‘rear impacts; the effect for
all injuries in rear impacts {minor and more severe] does appear to follow the
pattern shown in the other three damage types.

It is not clear why belt use was less frequent in damaged. seats, but
estimates derived from these four tables indicate this was the case. The
frequency of belt use (belt users per involved occupant, calculated from
occupants with known data), is estimated as follows,

Belt Use Rate
No Seat Damage Damaged Seat O verall

Rollover 59 percent 39 percent 57 percent
Front 63 percent 40 percent 62 percent
Near-side 72 percent 50 percent 68 percent
Far- side 72 percent 41 percent 69 percent
Rear 79 'percent 72 percent 76 percent

Previous research has shown that belt users tend to be involved in
crashes at lower speeds {Finsl Regulatory Impact Analysis: Amendment to
Federal Hotor Vehicle Safety Standard 208, Passenger Car Front Seat Occupant
Protection, NHTSA, DOT-HS-806-572, July 1984), so more-frequent belt use in
undamaged seats may partly reflect the lower crash forces associated with belt
use. The association between crash severity and belt use is frequently
attributed to differences in driver attitudes toward risk, which are reflected
in a tendency for drivers who speed or drink (or otherwise put themselves at
increased risk of c¢ollision) to also neglect to use an available safety belt.
This tendency may also explain why belt use is lower in rollover and frontal
impacts than in side and rear collisions. Useful comparisons of injury risk
and injury type by seat performance will need to account for differences in
belt use by seat performance and for differences in injury risk by impact type
and belt use.

Ejection is rare among belted occupants, so only unbelted occupants were
used to compare the likelihood of ejection from.damaged and undamaged seats.
Unbelted occupants of seats damaged in a rollover, frontal impact, near-side,
or far-side impact were more likely to be completely or partially ejected than
were unbelted occupants of undamaged seats (Table 14). The degree of ejection
(whether complete or partial) was unknown for a small number of occupants who
were known to be ejected; these are labeled Unk Deg in the table. Ejections
of unknown degree have been prorated between complete ejections and partial
ejections in calculating the percentages shown in Table 14. In large part,
the differences in ejection risk reflect differeaces in crash severity --
severe crashes were more likely to result in seat damage and to involve
occupant ejection and injury, There were very few ejectiods from cars with
damage to the rear, but the available data do not suggest that occupants in
damaged seats were more likely to be ejected than were occupants in undamaged
seats.




Table 9: Seat Performance,
(1988-1990 NASS Front-Outboard Seats of Inspected Toved Cars)

Seat Belt Injury Actual
No damage :o Uninjured 56 8,537 ;%Z
- <}
No damage : AIS D 158 162,739 192
2 No . 182 4 9
No damage Tot 721 182,924 100%
0 damaoe Yes ninjur 119 112,058 43X
No damage Yes kJIS”}u ed 351 121,458 4%
No damage Yes AlS 2 100 19,642 8%
No damage Yes Tot 625 58,493 100
No damage  Unknown  Total 18 10,870
Damaged No Uninjured 2 710 3%
Damaged No AIS | 60 10,558 41X
Damaged No AlS 2 40 6,631 26X
No 3-6 PO L9438 X
Damaged No Tot 218 25,844 100%
Damaged Yes Uninjured 9 1,304 8%
Damaged Yes AlS | 48 9,397 56X
Damaged Yes ALS 2 28 4,546 27%
Damaged - k] 402 _ 83
Damaged Yes Tot 118 16,649 100%
Damaged Unknovn  Total 8 422

Table 10: Seat Performance, Belt Use, and Injur%/ Severiy in Frontal
(1988-1990 NMS Front-Outboard Seats of Inspected Toved Cars)
Seat Belt Injury Ac tud

£ Used verl Wei
No No Uninjured 562 243 35%
No dazege No LIS 1 2,960 §72,826 0%
No damage No AlS 2 733 129,769 11%
No - 407 3%
No damage No Total 3,762 1,163,946 100X
No damage Yes Unir;i'ured 1,512 1,072,644 55%
No damage Yes AIS 2,327 740,294 38%
No danmage Yes AIS 2 504 103,491 5%
Ko dapage 1es 2 23,832
No damage Yes A6 4,570 7,940,262 1Tﬁ1)'§
No damage  Unknown Total 129 51,202
Damaged No Unini'ured 37 8,124 82
Damaged No AlS 300 54,636  53%
Damaged No AlS 2 148 20,315  20%
No . 236 20,278 202
Damaged No Tot 781 103,354 100Z
Damaged = Yes Uninjured 39 23,390 34X
Damag Yes ;{§i 174 28.718 * 41X
Sazagad ;E.S: 71 9,836 "1

. Razaged . 123 L8212 1%
Damaged Yes Total 407 69.816 100%
Dazaged Unknowm Total 13 1,558

Belt Use, and Injury Severity in Rollovers

Impacts



Table 11: Seat Performance, Belt Use, and Injury Severity in Near-Side Impacts
(1988-1990 NASS Front-Outboard Seats of Inspected Toved Cars)

Seat Belt Injury Actual .
Ko damage Ho Uninjured 106 88,800 &i}§
No damage ¥o AI5 1 298 110,172 49X
No damage No AlS 2 102 17,267 8%
No_dagage Ko AlS 3-6 -3 —3b
No damage No Total 557 223,267 100X
NoO damage Yts Uninjured 353 291,681 52X
NO damage Yes AlS :1‘ 579 245,277 43X
m YI;; AIS 2 ng zz,ﬁss 4X
éﬁ §-§ & 351 2§
Ko damage Yes ota 1,098 565,983 100
No damage  Unknown Total 35 21,487
Damaged No Uninjured 19 6,247 3%
Damaged ¥o 167 55,231 62X
Damaged No Al5 2 98 12,844 14%
Dapaged ¥o AlS 3-6 205 .44 D22
Damaged Ko Total 489 89,763 100X
Damaged Yes Uninjured 26 15,894 17%
Damaged Yes A8 1 163 33,105 38X
Damaged Yes AIS 2 l%i 18,131 20%
Dapaged [ 31-6 4 26,075 z_§§
Damaged %g ot 463 91,205 10D
Damaged Unknown Total 14 4,016

Table 12: Seat Performance, Belt Use, and Injury Severity in Par-Side Impacts
(1988-1990 MASS Pront-Outboard Seats of Inspected Towed Cars)

Seat Belt Injury Actual
ﬁuﬁm&m Used Severity  Cases Weigh hted Number
O damage No “Uninjured 168 8s__ 018 37X
No dazage No AIS 394 112,205 43X
No damage No AlS 2 139 25,893 11X
Ho dagpase No AlS 3-6 101 3
No damage No Total 802 231,034 100X
No damage Yes Unir}Jiured 439 315,142  54%
No damage Yes AlS 627 237,332 41X
No damage Yes AIS 2 110 27,482 5%
Mo dapase it - —38 aadb? _1%
No damage Yes Tot 1,234 583,523 100
N o  damage Unknown Total 30 17,485
Damaged No Uninjured 10 3,103 BX
Damaged No 68 67X
Damaged No AIS 2 jg 22972 10X
Damaged Ho Tota 187 37,478 100X
Damaged ~  Yes  Uninjured 1% 5,829 23%
Damaged Yes AlIS | 66 15,000 5%%
Damaged Yes AI5 2 23 2,183 9%
- Damaged Yes Total 148 25,626 100
Dazaged Unknovn Total 3 437




Table 13: Seat Performance, Belt Use, and Irj

ury Severit¥ in Rear Impacts
o

(1988-1990 NASS Front-Outhoard Seats of Inspected Towed Cars)
Seat Belt Injury Actual .

Used Jerie . .
No damage No Uninjured 49 40,84) 56§
No damage No AIS 1 96 29,465 392
No damage No AIS 2 15 4,476 62

No : 4 —i2
No damage No Total 164 75,337 1002
No damage Yes Unin_}ured 187 138,801  50%
No damage Yes AlS 338 134,344 48%
No damage Yes AlS 2 27 4.627 2%
No damage Yes Total 561 279,188 100
No damage Unknovn  Total 14 4,767
Danaged No Uninjured 42 20,924 35%
Damaged No AlS 90 35,825 60X
Damaged No AlS 2 15 1,971 3%

No - A8 L.267 _2%
Damaged No Total 165 59,988 100X
Damaged Yes Uninjured 79 34,173 22%
Damaged Yes AIS 1 310 112,427 73%
Damaged Yes AIS 2 36 6,346 4%

. A L2073

Damaged Yes Total 436 154,756 100X
Damaged Unknovn  Total 9 2,334



Table 14 Impact Type, Scat Performance, and Ejection for Unbelted Occupants
{1988-1990 KNASS Front-Qutboard Seafs of Inspected Toved Cars)

Impact Seat Rjection Actual .
Ig%g ; Performance Statys Lases Hg;%ﬁ;gﬁ Nugber
Rollover Ko damage None 476 148,514 B2.6
Rollover No damage Complete 167 23,292 13.1X
Rollover No damage Partial .52 7,806 4.32
Rol lover No damage Unk deg [ 429
gaﬂs_:u Ho dapage Lnknown 22 —2.082
Rollover Ho damage Total 721 182,924 10G.0%
Rollover Damaged Hone 131 16,601 65.2%
Rollover Damaged Complete 61 6,897 26.7X
Rollover Damaged Partial 19 2,039 8.1
Rollover Damaged Unk deg 5 144
Rollgver Dapaged —2 362
Rollover Damaged Total 218 25,844 100.0%
Front No damage None 3,683 1,131,866 99.1%
Front No damage Complete 19 3,292 0.3%
Front No damage Partial 52 7,319 0.8%
Front No damage Unk deg 1 128
Eront Ho dapage Unknown —1 1362 ___ _
Front No damage Total 3,762 1,143,846 100.0X
Front Damaged None 726 98,255 95.5%
Front Damaged Conplete 14 §32 0.9%
Front Damaged Partial 33 3,623 3.6%
Front Damaged Unk deg 1 127
Eront Dapaged 7 A
Front Damaged ¥sta% TE1 103,356 100.0Z
Near-side No damage Hone 518 217,450 §97.4X
Near-side No damage Complete 28 3,800 1.9
sear-side No damage Partial 8 1,336 0.7%
Near-side No damage Unk deg 3 681
m.au“ I-5s Ho dagage Unkrown -0 —_f
Near-side No damsge Total 557 223,267 100.0Z
Near-side Damaged Hore 418 80,710 90.9%
Near-side Damaged Complete 27 1,762 2.0%
Wear-side Damaged Partial 35 6,300 7.1%
Near-side Damaged Unk deg 2 38
Near-si n i —i3
Near-side  Damaged Total 489 89,763 100.0X
Far-sidt NoO damage Nonse 771 227,267 98.%%
Far -gde No damage Complete 19 2,082 0.9%
Far-side No damage Partial g 317 0.4%
Far -side No damage Unk deg . 0 0
53 Ho dapage Unknown — —ib8
Far-side ¥o damage Total 802 231,034 100.0%
Far-side Damaged None 162 33,412 92.8%
Far-side Damaged Complete 17 $43 2.62
far-side Damaged Partial 5 1,622 4.5%
Far-sidt Damaged Unk deg 2 24
=53 £77

éar*sxde %&g ¥a£a§ TS% §§,QT§ 100.0%
Rear No damage None 157 74,178 9B.9%
Rear No damage Cozplete & 838 11X
Rear No damage Partial 0 0 0.0%

- Rear Yo damege Urk deg Iy 0

“ BRear Unknown —l 30
Rear No damage Total 164 73,337 100.0%
Rear Damaged None 160 59,846  43.6%
Rear Dacaged Ceoplete 5 141 0.3
Rear Damagsd Partizl 0 0 0.%%
Rear Damaged Unk deg 0 0
Rser 5 Unkngwn 3 g
Rear Damaged Tetal 165 59.%88 100.0%
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Injury Type by Seat Damage

Tables 15, 17, 19, 21, and 23 describe injured body areas, by vehicle 3
impact type. The tables describe all identified injuries of at least moderate
severity, including multiple injuries to the same person. Injuries were not
identified for many fatalities (including those. who died before treatment and
were not autopsied), but no attempt has been made here to adjust the estimates e

for missing injury data. The head and neck accounted for the largest number
of moderate and more severe injuries to occupants of undamaged seats, for most
categories of belt use and vehicle damage. Torso injuries were a larger
fraction of moderate and more severe injuries among occupants of damaged
seats, but some of this difference may reflect differences in crash severity
and impact configuration. The tables also show injured body areas for serious
and more severe injury, a subset of the moderate and more severe injuries.
The torso accounted for the largest number of serious and more severe injuries
for most categories of seat performance, belt use, and vehicle damage.

NASS investigators were able to identify injury sources for four-fifths
of the documented moderate and more severe injuries. Seatbacks caused no more
than eight percent of these injuries in rollover crashes (Table 16), frontal
impacts (Table 18), near-side impacts (Table 20), and far-side impacts (Table .
22), based on the known injury contact data. This was the case for belted and
for unbelted occupants, in damaged and undamaged seats. A larger fraction of
moderate and more severe injuries in rear impacts were caused by contacting
the seatback (Table 24):

13 percent for those unbelted in undamaged seats,

6 percent for those belted in undamaged seats,

26 percent for those unbelted in damaged seats, and
24 percent for those belted in damaged seats.

In rear impacts, it appears that occupants of damaged seats received more of
their injuries from seatback contact than did occupants of undamaged seats.
In some cases, heavy occupant loading of the seatback may have caused both
seat damage and occupant injury; the data do not indicate whether seat damage
exacerbated injury. About 73 percent of the injuries in seats undamaged in
rear impacts were attributed to frontal components. However, some rear
impacts included secondary impacts to the front or side (either before or
after the rear impact), and some injuries from frontal components in these
crashes may not have occurred during the rear impact itself: the data do not
indicate whether occupants rebounded or rotated into front structures after
rear impact.

There were very few moderate and more severe injuries caused by a
contact identified (from the automated data alone) as behind a normally-seated
front-outboard occupant. Injury contacts known to be behind a front-seated
occupant include the rear header, backlight area, and pillars rearward of the
B-pillar. Most identified injury sources that could be classified as front or
rear components were front components (such as the windshield area, instrument
panel, and front floor area), However, many identified injury sources
extended both forward and rearward of the occupant; for example, roof and
side rail injury contacts are not identified in further detail in the
autcmated data; the B-pillar was also classified as an ambiguous source. A
review cf the completed NASS data collection forms (including the sketch of
the vehicle interior and suspected contact points) and photographs of the
vehicle might identify the relative position for some of these contacts.
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Table 15: Body Regions of Moderate and More Severe Injuries in Rollovars
{1988-1990 NASS Front-Outboard Seats of Inspecte

Moderate and More Severs

Toved Cars)

Serious and More Sgvers

Seat Belt Injured Actual . Actual .
il

No damage Heo Head-neck 361 36,626 &1% 169 11,429 SZE
Ho damage No Torso 299 29,941 34X 139 11,129 41X
No dapage No Arz 68 13,818 16X 20 1,535 6%
¥o damage No leg 76 8,160 9% —32 3,196 12X
: Bo —l —_ld —_—
No damage Ko Total 805 88,555 100X 363 27,300 100X
No damage Yes Bead-neck 125 16,088 42X 36 2,243 33X
No damage Yes Torso 71 10,299 27X 24 1,918 28X
No damage Yes Arm 47 7,810 20% 10 1,991 29X
!fa damage Yes Leg 22 &,3&§ 11% -é 127 } 24

0 damage Yes Total E% 8,575 100% 77 s",'_j?gs 1002
Damaged NO Head-neck 201 17,162 37X 96 8,160 38X
Damaged No Torso 219 20,776  45% 114 11,978 53X
Dapaged No Arm 40 4,317 9% 9 560 2%
Damaged No leg _53 3,968 9z 24 2,073 24

Ko —t —_—

Dazaged No Total 319 26,224 100% Eg 2Z,771 100%
Dazaged Yes Hesd-sgtk 110 7,043 33X 52 1,412 38%
Damaged Yes Torso 116 4,624  10% 53 1,367 42%
Damaged Yes Arm 21 1,449 9 362 10%
Damaged Yes leg 21 1,095 BZ 11 331 10X

Z les 2 — ) —3
Damaged Yes Total 268 14,211 100X 125 3,733 100X

Table 14: Sources of Moderate and More Severe Injuries in Rollovers
(1988-1990 NASS Front-Outboard Seats of Inspected loved Cars)

Moderate gnd More Jevere
seat Belt  Qeneral Area of  Actual

Ef;fgm;agg Use i Spurce i
Odazage No Front cozponent 232 26,498 40X
No damage No Rtar component 0 o 0X
No damage ¥o Seatback k) 812 1X
No damage No Other/unclear 283 38,6?9 582
Ho —
No damage No Total 805 BB,555 100X
No damage Yes Front component 84 11,397 38X
No damage Yes Rear component 0 0 oX
No damage Yes Seatback 4 1,540 ¥4
No damage Yes Other/unclear 98 17 ,32? 37X

Iss

No damage Yes Total 52% 8,575 1002
Damaged No Front component 204 26,542 72X
Damaged o Rear component 0 ¢ 14
Damaged No Seatback 3 182 1174
Damaged No' QOther/unclear ig_g 15,1%’; 21X
Rapaged -~ He —
Damaged ¥o Total 519 48,226 100X
Tamaged Yes Front cooponent 117 5,599 46%
Damaged Yts Rear component 0 0=+ 0%
Damaged Yes Seatback 6 243 2%
Daraged Yes QOther/unclear 94 6,331 52%
Lazaged Jes ) i A sl 1 —
Dazaged Yes Total 268 14,211 100%




Table 17: Bouy Regions of Moderate and More Severe Injuries in Frontal Impacts
(1988-1990 NASS Front-Outboard Seats of Inspected Towed Cars)
v loy A
Seat Belt Injured Actual . Actu .
i damage No "nec TR . hied Datd 2 zl. bisd-Paty
No damage No Torso 132 70,679 262 371 29,543 482
No damage No Amn 243 29,979 1% 43 3,234 5%
No damage gg Leg 306 31,793  19% -lig 14,629 24X
No damage No Total 2,453 2723%178 lg% 778 60,935 100%
No damaze Yes Head-neck 442 68.386  35% 88 5278  13%
No damage Yes Torso ceyeee 42X
No damage Yes  Arm 3210 15,518 8% 129l 14,831 62
No damage Yes  Lea 336 48169 251 96 12,840  31%
NEo 'd:amagie ﬁ‘} Total T.448  195.83% 7100% 33‘2 L081 T100%
Damaged No Head-neck 533 35,857 212
Damaged No Torso 785 44,349 Bl nm BER 00 49X
Damaged No Arn 170 11,007 9% 38 1,756 ¥4
Damaged gg Leg 396 34,155 2712 174 13,300 271
Damaged No Total T, ,'8'9"0 125,914 100% ﬁg Ts.eega T00%
Damaged Yes Head-neck 209 12,941  26% 86 4,160 ~*%,
Damaged Yes Torso ** 241 16,175  32% 128 1,460 ¢ux
Damaged Yes Arm 84 8,540 17X 12 849 5%
Damaged Yes ILe 201 12,648  25% 70 4,379 26X
Daraged Inknown _0 0 0
casaged Yes Tot 735 50,304 100% 296 16,848 100

Table 18: Sources of Moderate and More Severe Injuries in Frontd Impacts
(1988-1990 NasS Front-Outboard Seats of Inspected Toved Cars)

Seat Belt General Area oOf Actual
NO damage No Front component 2,014 ,387 90X
No daxage No Rear component 0 0 0X
No damage No Seatback 12 1,861 1Z
NOZ:nage No Other/unclear 66 7,645 k¥4
No I 26,625
Nc dazage No Total 2,453 272,318 100X
No damage Yes Front component 991 133,123 15X
No danage Yes Rear component 0 0 0%
No damage Yes Seatback 15 2,075 1Z
m Yes- Other/unclear _i;z 41,418 23%
les JL%L“
No damage Yes otal 1,448 195,839 1002
Damaged No Front component 1,396 104,692 962
Damaged No Rear component 4 83 0z
Damaged No Seatback 7 960 1%
Damaged No’ Other/unclear 77 3,606 k)4
- ¥ 406 13
Damaged No Total 1,890 125,914 100X
Daraged Yes JFront comzimont 304 34,419 E3X
Damaged Yes Rear eompenznt 0 0 0%
Damaged Yes Seatback 13 1,793 [
Damaged Yes Other/unclear 72 5330 13%
Jes UhKngown source 146 8,261
Damaged Yes Total 735 50,304 100X



Table 19: Bod

{1988-1990 NASS Front-Outboard Seats of Inspected Toved Cars)

Regions of Moderate and More Severe Injuries in Near-Side Impacts

Moderate and More Severe  Sericus and Mors Ssvere

Seat Belt Injured Actual j Actual .
¥o damage No Head-neck 122 16,362 é.‘s% 38 3,403 36%
No damage No Torso 114 16,253 40X k1 3,895 41X
No damage No Arn 24 2,906 % 4 496 >4
No damage Ko Leg 24 4,859 122 8 1,758 18X
Mo 1 —_— ] 0 ___
NHo damage ¥o Total 283 40,577 100X 86 9,531 100%
No damage Yes Head-neck 121 18,275 42X 24 1,426 18X
Ho damage Yes Torso 149 20,797 48X 13 5,895 74X
No damage Yes Arm 24 3,037 X 1 209 ax
No damage Yes Leg 19 1,538 1% 4 -é 428 5%
Ies —d el
No damage Yes Total 31 43,931 100% s 7,956 100%
Damaged Mo Head-neck ass 21,792 24X 184 7,806 20X
Damaged o Torso 721 51,241 57X 388 22,776 5%%
Damaged ¥o Arm 83 8,866 10X 25 4,481 12X
Damaged Ho Leg 116 7,244 8% _&g 3,443 X
Bo —
Damaged ¥o Total 1,275 89,143 100% 7% 38,507 To0%
Lamaged Yes Head-neck 302 32,888 30X 167 12,939 28X
Damaged Yes Torso * 613 64,997 58X 235 26,799 51X
Damaged Yes Arm 45 8,501 8Z 15 5,357 12X
Damaged Yes Le 90 4, 748 &% 37 1,669 4X
E Jes — —_— -2 —
Dazaged Yes Total 1,050 111,134 100% 314 46,964 100X

Table 20: Scurces of Moderate and More Severe Injuries in Near-Side Impacts
{1988-1990 NASS Front-Outboard SealS of Inspected Toved Carg)

Seat Belt General Area of Actual

Use i Lases mma%
No dazege No Front component 176 28,709 B2
No damage No Rear component 0 0 0z
No damage No Seatback | 15 0z
Ho damage No Other/unclear 60 6,356 1BX

Ho 48 437 ___
Ko damage Ho Total 285 40,577 100X
No damage Yes Front component 193 32,695 84X
Ho damage Yes Rear ¢cmponent 1 103 ox
Ho damage Yes Seatback 0 0 174
Ko damage Yes QOther/unclear 63 6,276 16X
Ho dapage 1es 7 A B37
¥o damage Yes otal 14 23,931 100%
Damaged Ko Front component 773 62,882 79X
Dapaged No Rear component 0 1] 0%
Damaged No Seatback [ 210 0x
Damaged No- Other/unclear 265 16,091 202

- i 2900

Damaged No Total 1,275 89,143 100
Dazaged Yas Front copmperent 645 73,496  75%
Damaged Yes Rear component 4 58~ 0%
Damaged Yes Seatback 7 1,228 12
Dzmaged Yes Other/unclear 208 22,602 23X
AL Yes ¥ 7 —_—
Dazmzged Yes Total 1,050 111,134 100%



Table 21: Body Regions of Moderate and More Sever e Injuries in Far-Side Impacts
(1988-1990 NASS Front-Outboard Seats of Inspected Toved Cars)

Serious and More Severe
Seat Belt  Injured Actual . Actual .
2 Use Lases mm:n_mg Lases  Hejshied Datg
No damage No ead-nec 269 34,002 61 97 ,195 54
No damage No Torso 198 16,499 302 99 5,585 42X
No damage No Arn 30 2,248 42 7 340 k}
No damage No Leg 3% 3,058 52 6 279 22
No 0 —_—
No damage No Total 531 55,806 1002 209 13,398 1002
No damage Yes Head-neck 99 15,115 352 22 2,390 39%
No damage Yes Torso 118 12,366 292 41 2,328 382
No damage Yes Arm 39 9,764  23% 8 862 14X
No damage i:; Leg j 5511 13% _‘Q. 611 102
* No damage Yes Total 281 %2,756 100% 75 §,191 100%
14,932 81
Damaged NO Head-neck 164 16,491 4% 106 6,097  44%
Damaged No Torso yoee ? 48%
Damaged No Arm 15 727 43% 9 6,293 2%
Dazaged No Leg 17 1,743 3% 879 6%
No ] =9
Daraged No Total 375 1,893 lﬁgé Zgg 13,860 100%
4
Dazaged Yes Head-neck 103 7,375 42X 83 2,037 30%
Damaged Yes Torso * 132 7,181 3,448 4%
Damaged Yes Arn 17 1,330 8z 5
Damaged Yes Leg 17 1,295 8% 8 Qs B
Yes —i -3 ___ ] —_—
Damaged Yes Total 270 17,219 100X 151 7,395 100
Table 22: Sources of Moderate and More Severe Injuries in Far-Side Impacts
(1988-1990 NMS Front-Outboard Seats of 'Inspected Toved Cars)
Y
Stat Belt General Area of Actual .
Use Cases  Meighted Data
No damage No Frent component 292 33312 15X
No damage No Rear component 0 0 0%
No damage No Seatback 7 1,375 k) 4
No damage No Other/unclear 117 9,718  22%
No pUE] 362
No damage No Total 531 55,806 100%
Nodamage Yes Front component 104 22,270 63%
No damage Yes Rear component 0 0%
No damage Yes Strtbrck 8 1,442 4X
No damage Yes Other/unclear 89 11,567 33X
No damage ﬁé otal TE 42,756 100%
No o 682
Damaged No Front component 196 1 0 0x
Damaged No Rear component 12 2,310 82
Damaged P _jég Stribaakicl ear 71 6,4%9 232
Damaged No Total 3'?'? 31,893 T00%
Jazaged Yes Front ¢omponent 94 6,611  40%
499~ 42X
. Dacaged Yes Seatbackponent %5 663 ¥4
Damaged Yes Other/unclear 5769  43%
3= Ies Unknevn souyce 14 2.675 ___
Pazaged Yes Total 270 17,219 100X




Table 23: Body Regions Of Moderate and More Stvirt Injuries in Rear |npacts

(1988-1990 NASS Front-Outboard Stats of

Inspected Toved Cars)

Moderate and More Severe Vi

Seat Belt  Injured Actual j T Actual .
Ho damage Ko Bead-neck 15 2,655 35 2 185 26
No damage No Torso 11 2,538 33X 3 524 74X
No damage Ho AT 1 145 2X Q 0 0%
No damage Ko Leg 4 2,274 30% 4] 0 0x

Ho g g =g
No damage Ko Total 32 7,612 100X 5 710 100%
No damage Yes Head-neck 28 3,709 54X 2 120 9x
No damage Yes Torso 12 1,267 18X 4 192 14X
No damage Yes Arm 1 301 4X 0 0 (124
No damage g; leg 3 1,617 242 g 1,050 782
“No damage Yes Total 53 €,874 100% 8 1,403 100X
Dazaged No Head-neck 45 3,019 51X 27 910 39X
Damaged He Torse 56 2,188 3X 35 1,425 61X
Damaged No Arm 3 573 10X 0 0 174
Damaged No Leg 5 131 br 4 0 0 174

Ho nknovn — 205 ___ -4 }_25} —_—
Damaged Ko Tectal 110 6,116 100% €3 L340 100X
Demaged Yes Head-neck 47 3,491 34X 12 357 2%
Dapaged Yes Torso 28 4,037 40X 12 1,288 78%
Damaged Yes Arm 3 1,788 18X ¢ 0 (114
Damaged Yes Le 12 866 £24 2 10 1z
Dazaged bii3 d — - —_—t
Damaged Yes Total 9l 10,197 100X 27 1,66% 100X

Table 24: Sources of

HModerate and More Stvirt

Injuries in Rear Impacts
(1988-1990 NASS Front-Qutboard Scats of Inspected Towed Cars)

Mogerate andMore Stvtrt
ctu

Belt General Area of

E Pse %_mm_ Source Lases  Meighted Data
NO damage No ront component 15 3,247 74X
S0 damage No Rear ccmponent 0 0 4
NO damage No Seatback 3 957 13X
No damage No Other/unclear 7 889 13X
Ho dapage Fo -1 —220
Ko damage Ko Total 32 7,612 100X
No damage Yts Front component 15 4,326 71X
No damage Yts Rear component 0 0 0X
No damage Yts Seatback 3 384 6%
NHo damage Yes QOther/unclear 14 1,383 222
Ho dapage Ies H 12 —_—
No damage Yes Total 44 6,874 100X
Damaged Ko Front counponent 30 1,398 282
Damaged Ho Rear component & 250 5Z
Dapaged Ko Seatback 29 1,255 26X
Damaged Ko Other/unclear _ﬁ 1,956 40X
Dapagsd Ko 1.236

Damaged Xo Total il0 £,116 T100%
Damaged Yes Front component 28 1,781 302
Dazazed Yes Rear cexzpenent 2 113 2X
Damaged Yes Seatback 15 1,439~ 24X
Danaged Yts Other/unclear 22 2,666 44X

bl nknown T 24 4,187
Dazaged Yes otal Q1 10,197 100%



Many moderate and more severe injuries from frontal contacts in rear
impacts involved the legs and arms (Table 25), but the injury mechanisms that
cause limb injuries may differ from those that cause other injuries. A large
fraction of these occupants with at least one moderate or more severe injury
to the head, neck, 'or torso were in vehicles with multiple impacts (Table 26).
Half the belted occupants with any of these head, neck, or torso injuries were

cars that received frontal damage,

Table 25: Body Regions of Moderate and Mor e Severe Injuries
from Contacting Frontal Components in Rear Impacts
(1988-1990 NASS Front-Outboard Stats of Inspected Towed Cars)

Stat Belt Injurtd ACtual .
Use Lases !.:nhml_mx%
No damage No -nec 6 1,101 21
No damage No Torso 3 1,871 3%
No dapage NO Arm 0 0 0X
Eo 4 2,274 _3%§
No damage No Total 15 5,247 1
No damage Yes Head-neck 9 2,039 43X
No damage Yes Torso 3 408 9%
No damage Yes Arm 1 301 b2 4
1es 2 78 26
. No damage Yes Total 15 4,326 100
Damaged No Head-neck 3 99 7%
Damaged No Torso 25 1,060 76X
Damaged No Amm 1 181 132
No L 1 DY 'Y 4
Damaged No Total 30 1,398 1002
Damaged Yes Head-neck 4 3% 20%
Damaged Yes Torso 15 635 35X
Damaged Yes Arm 1 249 14X
i ] —248 31X
Dampaged Yes Total 28 1,791 100X

Table 26: Secondary Vthiclt Damage for Occupants vith any Moderate or More Severe

either befdre or after the rear impact.

Injury

to the Head, Neck, or Chest from Contacting a Frontal Component during a Rear Impact
(1988-1990 NASS Front-Outboard™ Stats of Inspected Toved Cars)

Seat Belt  Lesser Actual .
Use Cases  Heighted Data
No damage No None 4 1,654 69%
No damage No Front 583 242
No d ¥o '
No damage No %%h | r%%g F)'gé
No damage Yts None 4 1,289 532
No damage - Yes Pront _(82 1,158 42X
No damage Yes otal 12 L4467 100
. Damaged No None 1 63 16Z.
- Damaged No Front S 315 782
No 2 21 1
Damaged No Total B8 405 100X
Damaged Yes None 2 176 30%
Tezaged Yes Front 2 302 31X
Tamaged Yes Side 10 117 20%
Yes I8
Daraged Yes Total 671 100X
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Rear Seat Occupancy, Injury, and Front Seat Damage

Front-outboard seat damage was more likely when the seat directly behind
was occupied (that is, when someone was in the left-second seat behind a
driver or in the right-second seat behind a right-front passenger) than when
it was empty. The percentage of front seats that were damaged was:

10 percent with no occupant behind,
18 percent with one occupant behind, and
29 percent with multiple occupants behind (Table 27}.

The association between seat damage and rear-seat occupancy is consistent with
results from the Multidisciplinary Accident Investigation (A Preliminary
Evalution of Seat Back Locks for Two-Door Passenger Cars with Folding Front
Seatbacks, €. Rahane, Office of Plans and Policy, NHTISA, DOT-HS-807-067,
February 1987). Front-seat damage in frontal impacts to the two-door cars
included in those data (which were primarily models of the late 1960s and
early 1970s) was more common if there were a rear-seat occupant, especially if
the rear-seat occupant weighed at least 100 pounds.

Injury risk for those sitting alone in a rear seat was estimated after
prorating those with any mederate injury from an unknown source (if they had
none attributed to seatback contact) between the other two groups of
moderately-injured occupants. Seven percent of these rear-seat occupants were
moderately injured, including:

5 percent when the front seat was undamaged and
18 percent when the front seat was damaged.

The risk of injury in the front seat was higher:

9 percent in undamaged seats and
26 percent in damaged seats {Table 8)

The greater injury risk associated with front-seat damage may reflect the
higher crash severity and vehicle intrusion that produce seat damage, as well
as any direct effects of seat damage.

Table 27: Occupant Injury for those Sitting Behind the Front-Outboard Stats
{1988-1990 NASS Inspected Tovtd Cars in Rellover, Frontal, Side, and Rear Impacts)

Seat Number Of Moderate Injury from Actual .
I Lases L

No damagse None No otcupant 12,822 5,054,014

No damage One - No moderate injury 1,320 506,023 §5.2%
No damage One . AIS»=2, none from seat 6% 11,562 3.0%
No damage One AIS>=2, caused by seat 25 6,743 1.8%
Ko damage gne AIS»>=2, unknown if seat gi} z,zga

Np da-aze Te3 ST ZoTe . 5*;’2}: aigupants i5 Ié‘z

No dapage Total Total 14,320 5,589,769 100.0X%
Tamzged None No occupant 2,782 563,445

Cameped Cne No moderate injury 434 %6,815 B2.0X
Tzzeged Cre AIS>=2, none from seat 73 7,687 7.6%
Tamaged et ] AIS>=2, caused by seat £5 10,369 10.4X%
Tazaged Or.e AIS>=2, unknown if seat 55 3,049
sizzped te B of dilectobe Eultipie occuzents 10 73

Dazzagel Total Total 3,459 £83,241 100.0%



Among those sitting alone behind an occupied front seat, the estimated
fraction with at least one moderate injury from seatback contact was almost
six times as high when the front seat was damaged (10.4 percent) as when it

was undamaged (1.8 percent).
an occupied front seat,

Among those moderately-injured in a seat behind
almost three-fifths (57 percent) of those sitting

behind damaged front seats had at least one moderate injury from seatback

contact,

undamaged front seats.
loaded by a rear-seat occupant:
the front seat.
because the front seat

In other cases,

compared to almost two-fifths (37 percent) of those sitting behind
Some front seats may have been damaged when they were
the crash may have forced the occupant against

the rear-seat occupant may have been injured

intruded rearward.

The available automated data on the

type of seat damage will be described iater in this report.

Table 28 shows the available dz:5 by impact type.

Occupants sitting in

the rear seat behind a damaged seat r:.: a greater risk of moderate injury

(compared to sitting behind an undamaged seat) for each impact type.

particular,

except near-side damage).

And, in

the risk of moderate injury from seatback contact was much higher
for occupants sitting behind damaged seats for four of five crash types (all

However,

it is not clear whether front-seat damage

contributed to the injury in the rear seat or whether both were caused by
severe crash forces.

Table 28: Occupant Injury bzv
1

Impact
Tvz
Rollover
Rollover
Rollover
Rollover
Rcllover
Eﬂl !Q\'g!’
Roiiover

Front
Front
Front
Front
Front

-~

Freat

Near-side
Herr-side
Ncdr-side
Near-side
Near-side

Near-side

Far-sidt
Fdr-side
Far-sice
Far-side
Far-side

Far-side

rear
Rear
Rezr
Rear

ear
r.-

Rear

988-1990

Moderate Injuryy from

No occupant

No moderate injury

A1S>=2, none from sedthdck
AlS>=2, caused by seatback
AlS>=2, unknown 1f seatback
Total

No occupant

No moderdte injury

AlIS»=2, none from scdtbdck
AlS>=2, caused by sedtbdck
AlS>=2, unknowvn if sedtbdck
Multiole occupants

Total

No occupant

No moderate injury

AlS>=2, none from scrtbdck
AlS»>=2, caused by seatback
AlS>=2, unknovn 1f seatback

Total

No occupant o

No moderate injury

AlS>=2, none froz seatback
AlS>=2, caused by seatback
AlS>=2, unknown if seatback

Total

Nooccupant

No mederate Injury

4£18y=2, rene frca seathack
AlS>=2, caused by sedtbdck
AlS>=2, unknown Yf seatback
Maleiole peourants

Total

Impact Type for those Sittin

NASS Inspected Toveg Cars)

No Seat Damage

Behind the Front-Outboard Seats

Actual
Lases
1.189
‘126
16

1
30

\JL
W
o [ SAV RN

'
N
~

dei
401,571
45498  90.2%
2,067 9.52
78 0.4%
2,807
352,287 TOO.0%
2,865,472
256,932 96.42
4,667  2.1%
3,256 1.5%
1,694
3,135,410 100.0%
712,335
90,495 92.02
1.506 4.12
3,319 3.92
Y
ST 100.0%
760,233
69,007 96.2%
1,223 37%
44 0.1%
1,487
La
832,043 100.0%
314,403
44090 99.1%
10! 0.6%
. 48 0.3%
243

5702 100.0%

Dapaged Seat
Actual .
290 s
31 3,822 69.5%
7 728 24.8%
3 166  5.7%
12 753
W s T
849 115,152
246 79.6%
15 48476  4.3%
63 0,237 16 1%
2 1,408
1,201 174,728 100.0%
832 166,634
74 13409  73.2%
44 4341  25.0%
6 325 1.9%
9 249
—f
§Z% 104,984 100.0%
286 55,321
30 6,971 86.32
5 2712 5.9%
7 355 7.72
338 €3,538 100.0
525 189,011
73 26,196  93.9%
2 171 3.6%
6 1486  55%
3 55
~1 185

o
—
o
N
[
N
(=
<
ol
~—
[=4
O
[=4
»2




A single year of NCSS data with detailed seat intrusion data were
collected more than ten years before the NASS data described here, and reflect
the experiences of earlier vehicle designs in previous years. Despite their
age, the automated NCSS data are.useful because they include information on
unoccupied seats; these data may suggest relationships that could be explored
by reviewing the individual NASS case documents or that could suggest
additions to the NASS data collection forms,

The XNCS$S data on seat performance were defined as intrusions into a
specific seat space {and include the direction of the intrusion into that
space), rather than as damage to a particular seat. Results from NCSS and
NASS data are not directly comparable: seat damage that did not result in
intrusion is not described in NCSS, and it is sometimes difficult to determine
from the NCSS automated data which seat was intruded into a particular space.
Forward seat intrusion into the front seat and rearward seat intrusion into
the second seat both imply that the front seat-was invelved; the number,
veighted number, and relative frequency of longitudinal intrusion are shown in
Table 29.

The data suggest that both front-seat and rear-seat occupants
contributed to the frequency of front-seat longitudinal intrusion. The
percentage of front-outboard seats that were intruded forward or rearward in
towavay car crashes was: ’

1.6 percent when both the front seat and the seat behind
were unoccupied,

3.5 percent when the front seat was occupied and the seat
behind was not,

8.7 percent when the front seat was unoccupied and the seat
behind was occupied, and

14.5 percent when both the front seat and the seat behind
were occupied.

The contribution of the rear-seat occupant to front-seat intrusion is
suggested further by Table 29. More longitudinal front-seat intrusions were
attributed to deformation from the rear passenger ~28.2 percent of all those
with a single identified cause) than were attributed to deformation from the
front passenger {25.2Z percent of the known data). This occurred despite nine
times as many front-seat occupants as rear-seat occupants in these crashes.
Most occupants were unbelted at the time the NCSS data were collected, and
there were almost no belted rear seat occupants then -- these data essentially
reflect the experiences of unbelted occupants in older vehicles.

An estimated 7.5 percent of the front-seat intrusions were attributed to
deformation from inertial forces caused by the mass of the seat. This type of
damage is not inciuded on the NASS automated file because it largely pertains
to unoccupied seats. However, the prevalence of this type of damage in more
recent vehicles could be.estimated from a review of the detailed NASS case
documents.

There were 413 fatalities in the towed cars that were inspected by the
RCSS teams between April 1978 and March 1979 (in the last ¥ear of the study).
The FARS national census of traffic fatalities includes 28,881 passenger car
occupant fatalities during these twelve months, which is 69.93 times as many
as investigated by NCSS. This factor can be used to make crude estimates of
the number of frent-outbeoard seat longitudinal intrusions that would have
occurred during these twelve months if the KCS8S sites were representative of
the nation. The results are shown in Table 30.
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Table 29: Occupancy and longitudinal Intrusion into the Front- and Second-Outboard Stats
(April 1978-March 1979 NCSS Inspected Toved Cars)

Front

. Front Rear Total

Izpact Tvoe Neither _Only Only Both _Seats
OCCUPANCY
Rollover 199 457 2 70 728 723 1,331
Front 1,916 3,709 18 507 6,150 0,981 15,800
Near-side 367 850 6 121 1,344 1,690 3,782
Far-side 401 826 8 109 1,344 1,910 3,526
Back 248 295 1 42 586 1,272 1,485
Other 29 65 _g _{ﬁ 108 119 251

ot 3,273 6,410 38 891 10,612 15,341 27,281
LCNGITUDINAL INTRUSION
Rollover 9 35 0 6 50 9 59
Front 72 214 2 165 453 117 330
Near-side 39 127 2 23 191 72 222
Far-side 9 41 0 9 59 9 83
Back 12 75 1 8 96 33 243
Other 1 4 0 3 8 1 4
T -l — Q — 1l | —
Total 143 501 . 5 219 868 242 946
INTRUSIONS PERINVOLVEMENT
Rollover 1.2 4.4%
Front 1.3% 2.1X
Near-side 4.32 5.92
Far-side 0.5% 2.4X

k 2 §§ 16,4%

Tot 1.6 3.5%

* |ndicates fever than 25 observed tovdvay crashes.

Rear

bOuommO

—
—

* % %N

oo
~J|
>

Table 30: SApec_ific Longitudinal Intrusion of the Front-Outboard Seats
(April 1978-March 1979 NCSS Inspected Toved Cars)

Bro[?en components:

Seat adjusters

Seat

Deformed
From rear

From front
pe:formed by

. tracks
Foldi n% locks
y passenger:

lnertial forces, mass of stat
Compartment intrusion

her
Combination
Unknown

Total

Actual .
Lases  Weighted Nugber
29 50 3.2
35 53 3.42
44 129 8.32
219 437  28.2%
163 391 25.2%
89 348 22,4
216 1.8%
19 28 .
14 23
40 —18
868 1,651 100.0%

* Annual
Estimate

3,496
3,706
9,021

30,559
27.343

8,112
24,336

3,958
—L608
115,454

w-e

“" o Estimated by inflating the NCSS veighttd databy a factor of 69.93
to approximate the relationship betvcen NCSS dnd FARS fatalities.

29

209
1,697
390
412
192
70

Tin

Total.



Crash Severity by Seat Damage

Seat damage was much more likely at higher crash speeds, as indicated by
the proportion of vehicles with extensive vehicle crush -- defined as crush to
extent zone three arid beyond (Table 31). Vehicle crush reflects a variety of
factors , including the specific vehicle area damaged, the vehicle stiffness at
the damage point, the size of the damaged area, and crash severity. Thus, the
percent of erash-invelved vehicles with a crush extent zone of three or beyond
can only suggest the relationship between crash severity and seat damage.

Table 31: Seat Performance and Dasage Extent Zone
(1988-1990 NASS ‘Front-Qutboard Seats of Inspected Toved Cars)

. Impact Seat Extent Actual
ks Zone »=3  _Cages  Mejghted Nuymber
oliover No damage Ho 379 138,732 3XX
Rollover No damage Yes 925 2?;,6?& 63X
Rollover Ho damage Total 1,364 452,287 760%
Rollover Damaged Yo 40 4,982 12X
Rollover Damaged Yes 284 36,670 BB
¥ Unknown i) 282
N Rollover Damaged Total 344 42,9153 100%
Front No damage Ko &,430 2,603,817 8;1
Eront i Yes 3 4 _J_§
Front Ho damage Total B,461 ,135,410 100
Front Dapaged Ho 481 103,375 %%
F;Q‘Q; gﬁgggg Yes 7 21,353 _4
ront amaged Total 1,201 174,728 100
Near-side No damage No 1,023 540,802 67X
Near-side es —£87 i 3%
Kear-gide No damage Total 1,690 810,737 100X
Near-side Damaged No 134 35,647 19X
Hear-side  Damaged Yes 832 49,337
Near-side Damaged Total 966 184,984 100X
Far-side Ko damage Ko 9§§ 5{3;,%8& 6i2‘
Ear-side No dapage Yes 1.077 327,138
Far-sile Ko damage Total - 2,066 832,043 100X
Far-side  Damaged No 3;; 6,89 111
¥ Dagaged les 36,663 89X
Far-gide Dapaged Total 318 £3,538 100Z
Rear No damage No EQ 264,570 74X
gﬂ:. Fo dagage les & .2§.§
ear No damage Total 739 359,292 100
Rear Damaged No ;}52 9; ,137 :.g:
Rear Dazaged Yes
Rear Damaged Total 610 217,075 1002

There are no identified front, near-side, far-side, or rear nonrollover
crashes with unknown extent zone because nonrollover damage area and extent
zone are coder! together as part of the Collision Deformation Classification.




The fraction of occupants in vehicles with crush to extent zones three and
beyond is estimated from Table 31, as follows.

to f =
N 0 Damaged Seat
Rollover 63 percent 88 percent
Front 17 percent 4’1 percent
Near-side 33 percent 81 percent
Far-side 39 percent 89 percent -
Rear 26 percent 54 percent

The data in Table 31 can also be used to estimate the risk of seat
damage for vehicles with @ xtensiye (tone three and above) crush damage. More
than half of all occupied seats were damaged in vehicles with extensive rear
crush. The risk of seat damage was less for other vehicle impact types:

12 percent in vehicles with extensive crush in a rollover,
12 percent in vehicles with extensive frontal crush,

36 percent in vehicles with extensive near-side crush,

15 percent in vehicles with extensive far-side crush, and
55 percent in vehicles with extensive rear crush.

Extent zone three to the side is crush a quarter of the way into the vehicle,
so the seats in crashes with extensive near-side crush (extent zone three and
beyond) may have been directly damaged by intrusion (depending on the exact
crush location along the side). In contrast, extent zone three to the top
(such as occurs in some rollovers), to the far-side, and to the front need not
involve intrusion into the seat. This probably explains why seat damage was
more common in near-side impacts than in rollovers, frontal impacts, and far-
side impacts among crashes with crush to extent zone three. Extent zone three
in the rear would not generally involve front-seat damage from intrusion. The
high risk of seat damage in rear impacts largely reflects nonintrusion seat
damage. The 1990 and later years of NASS include more details on the type of
seat damage, and these will be explored later in this report.

Delta V is a better measure of the forces on the vehicle and occupants
than is extent zone, but delta V is less-frequently available. Delta V is not
defined for rollover and other nonhorizontal events, and there is no good
alternative severity measure for these crashes. When delta V is estimated for
a rollover crash, it reflects the severity of another impact to the vehicle.
Delta V could not be estimated for 42 percent of inspected nonrollover crashes
-- either because the crash was too complicated for the delta V algorithm or
because the damage data were incomplete or contradictory. Vehicles for which
delta V was estimated may not be typical of all towaway crashes.

The data show that a larger fraction of damaged seats than of undamaged
seats were exposed to a severe delta V (defined as at least 30 mph, Table 32).
For example, in frontal crashes 15.0 percent of damaged seats compared to 1.3
percent of undamaged seats had a delta V this severe.

-

Percent o f Occupants, Delta W=230 mph

-
-

No Seat Damage Damaged Seat
Front 1.3 percent 15.0 percent
Near- side 0.0 percent 3.2 percent
Far-side 0.4 percent 5 .1 percent
Rear 0.4 percent 4'. 3 percent
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Table 32: Seat Performance and Delta V
(1988-1990 NASS Front-Outboard Seats of Inspected Towved Cars)

Impact Seat Delta V Actual s :
Iype . Performance  3=3G poh  _Lases _uu%_nmm
Rollover No damage No [13 11,
Rollover No damage Yes 18 1,306
Rollover No dagage Unknown 4
Rollover No damage Total 1,364 452,287
Rollover Damaged No &3 4,087
Rollover Damaged Yes 23 1,601
v 218 31,227
Rollover Damaged Total 344 42,915
Front Ho damage No 4,784 1,547,669 98.7X
Front No damage Yes 220 21,168 1.32
Eropt ¥o dapage {nkpovh 437 1
Front No damage Total . 8,461 3,135,410 100.0%
Front " Damaged No 484 81,261 B5.0%
Front Damaged Yes 204 14,368 15.0%
Eront Unknown —2i3 L8000
Front Damaged Total 1,201 174,728 100.0%
Hear-side Ho damage Ho B9 413,183 100.0X
Near-side No dapage Yes 1 21 0.02
Near-side EL%@&L: {nknovn 183 337,533
Hear-side Ho damage Total 1,690 810,737 100.0%
Near-side Damaged No 512 94,363 96.8%
Near-side Damaged Yes 42 3,162 3.2
Bear-side  Dapaged Unknown 412 1.4
Hear-side Damaged Total 966 184,984 100.D%
Far-side No damage No 1,130 443,794 99.8%
Far-side No damage Yes 22 1,749 0.4
-53 Mo dapage Unkpown 214 498 _____
Far-side No damage Total 2,066 832,043 100.0X
Far-side Damaged No 154 33,781 94.9%
Far-side Damaged Yes 33 1,801 5.1%
-5j Ynknovn i3 21377
Far-side Damaged Total 333 63,538 100.0%
Rear No damage No 428 203,806 99.8%
Rear Ho damage Yes 3 772 0.4%
Rear Ho dagage I%DM H_f* 714
Rear Ho damage otal %%% 59,292 100.0%
Rear Damaged ¥o 348 118,355 95.7% -
Rear Damaged Yes 34 5,256 4.3%
Rear RBamaged Lnkpovn H &
Rear Damaged Total 610 217,075 100.02

_ Thege data can also be.used to estimate the risk of seat damage for
vehicles with severe delta-¥V (30 mph and above). The fraction of seats
damaged was:

<40 percent in severe frontal impacts, -
99 percent in severe near-side impacts,

51 percent in severe far-side impacts, and

87 percent in severe rear impacts.

The differences in crash severity indicate why the effect of seat damage on
safety cannot be estimated by simply comparing injury risk in damaged and
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undamaged seats. The severity of the crash is responsible for both seat
damage and injury severity, and the separate effect of seat damage on injury
severity is not easy to estimate from the aggregated data.

To explore crash severity biases in the comparison of damaged and
undamaged seats, injuries were counted within ten mph delta V categories.
There were insufficient data to separate belted and unbelted occupants, so all
occupants (regardless of belt use) were combined. The data in Table 33 show
the total number of occupants, the number with moderate (AIS=2) injury, and
the number with serious and more severe (AIS»=3) injury. The moderate injury
rate (the fraction of involved occupants who received a moderate or more
severe injury -- AIS»>=2) and the serious injury rate (those with serious or
more severe injury -- AIS»=3) are shown in Table 34. An injury ratio was
calculated as the injury rate in damaged seats divided by the injury rate in
undamaged seats, to measure the association between injury severity and seat
performance within categories of damage severity.

Much of the association between injury risk and seat performance is
accounted for by crash severity: the injury rate ratio tended to be smaller
within categories of delta V than overall. For example, the injury rate in
frontal crashes was 3.5 times as high for occupants of damaged seats as for
occupants of undamaged seats, but the highest injury rate ratio within delta v
categories was 2.3 (for lo-to-19 mph crashes) and it was much lover in other
delta V ranges. However, the injury rate ratio for frontal crashes was at
least 1.1- in each comparison that had at least 25 involved occupants,
indicating that occupants of damaged seats were more likely than occupants of
undamaged seats to be injured in crashes at similar delta Vs. The comparisons
are summarized below: ratios based on a particularly small number of cases
are indicated by an asterisk and the footnote.

Delta V. moh F r o net_Near-Side Far Side Rear
Delta V 00-09 0.0%* 7.6 0.1% 5.2%
Delta V 10-19 2.3 4.1 1.5 1.4
Delta V 20-29 1.7 2.6 1.3 0.5
Delta V 30-39 1.2 0.7% 1.3% 0.4%
Delta V. 40 up 1.1 - 1.0% 0,.4*
All vehicles 3.5 5.8 2.9 1.8

o Indicates cozpariscns based on fever than 25 involved
occupants in either undamaged oo in damaged sedts.

These data suggest that injury risk is greater in damaged than in
undamaged seats within most delta V ranges if the comparisons are limited to
situations with at least 25 actual w=.n. of undamaged and of damaged seats.
For both near-side and far-side crashes, seat damage may act as a surrogate
for the extent of passenger compartment intrusion, even within delta V ranges;
it is not clear how the observed patterns should be interpreted. Comparisons
for rear impacts are limited by the small number of moderate injuries
investigated; it is not clear from these comparisons hew, or whether, the
injury rate-tatio varies with delta V in rear impacts.

The data for each vehicle impact type include a mix of seat damage types
(broken seat components, deformation from occupant loading, and deformation
frem vehicle intrusion), and the relative frequency of these seat damage types
and their injury consequences differ by impact type, as indicated by the
detailed 1990 SASS seat damage data described later in this report.
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Table 33: Impact Type, Seat Performance, Delta V in mph, and Injury Severity
(1988-1990 NASS Front-Outboard Seats of Inspected Toved Cars)

Impact Seat Total ses Hej
Delta V. Jotal =2 AlS:=3  _Jotal =
Front No dapage 00-09 621 23 3 318,582 3,33 429
Front Ho damage 10-19 3,075 409 $5 1,041,861 78,066 10,432
Front No dasage 20-29 1,088 288 1%0 187,226 36,660 16,630
Front Ho damage 30-3% 180 49 63 17,186 5,158 4,582
Front No damage 40 + 40 9 25 3,982 1,529 1,756
43) _467 268 1,566,573
Front Ho damage Total 8,461 1,243 (117 3,135,410 234,329 63,446
Front Damaged 00-09 14 0 0 4,641 -0 0
Front Dagmaged 10-19 242 43 22 51,534 6,936 3,050
Front Damaged 20-29 228 56 6% 25,086 6,919 5,229
Front Damaged 30-33% 134 20 88 10,782 2,683 4,530
Front Damaged 40 + 0.9 56 3,586 378 2,570
81377 %2 151 791100 13241
Front Damaged Total 1,201 220 426 174,728 30,158 28,510
Near-sice  No damage 60-09 279 23 4 174,723 5,085 470
-gide  No damage 10-19 550 85 37 224,359 15,467 4,612
1 ' 1 : 20-29 67 19 13 14,100 2,420 711
Near-side  Ho damage 30-39 1 0 i 21 o 21
Near-side No damage 40 + ¢ 0 0 0 o 0
=55 183 86 43 331,333 ]8.88) 3
KNear-side Ko damage I{gtal 1,86%0 223 100 810,737 41,853 11,628
Near-side Damaged 00-09 3l 4 3 8,537 1,786 272
Hearrside Damaged 10-19 288 69 62 64,267 14,008 9,530
Near-side Damaged 20-29 193 46 98 21,559 5,932 6,694
Kear-side Damaged 30-39 37 3 k3 2,769 209 1,887
Rear-side Damaged 40 + 5 1 3 393 44 202
=53 Dapaged 412 &2 1% L7458

Hear-side Damaged Total 986 192 3%0 184,986 31,639 39,526
tar-sidt Ko damage 00-09 267 20 1 166,058 7,709 154
Far-sidt NO damage 10-19% 688 103 30 253,696 17,036 3,129
far-side No damage 20-2% 175 36 36 24,040 4,717 2,611
Far-sidt No damage 30-39 18 3 11 1,596 289 701
Far-sidt No damage 40 + 4 1 3 154 23 133
Iar-si ¥o_dagage 336 88 60 386,499 23,867 4,788
Far-side Ho damage Total 2,066 251 141 832,043 33,614 11,516
Far-sidt Damaged 00-09 9 1 0 2,685 13 0
Far-side Damaged 10-19 6% 12 11 22,605 2,065 £43
Far-side Damaged 20-29 7% 13 28 8,471 £62 2,794
Far-side Damaged 30-39 25 & 16 1,094 143 725
Far-side Damaged 40 + B 1 7 706 220 486
-5§ n 131 2 %0 22.977 2,828 261
Far-side Damaged Total 338 53 122 63,538 5,932 B,40%
Rtar No damage 00-09 34 2 1 13,925 383 98
Rtar No dampage 10-19 329 12 1 174,765 2,353 1,051
Rear No damage 20-29 65 5 3 15,116 1,513 131
Rear No damage 30-39 5 3 0 731 432 0
Rear No damage 40 + 3 0 2 . }fci . ) 28
ear No damage ota ;%g %g Tg %:f&i 51 WH71
Rear Damaged . .D0-09 12 1 0 4,225 766 L)
Rear Damaged 10-19 232 13 2 89,934 2,355 181
Rear Damaged 20-29 104 11 2 24,196 1,203 130
Rear Damaged. 30-39 22 4 3 4,374 553 412
Rear Damaged i0 . 12 2:12 _Lé 882 1%1 3%‘5
Rear - Damaged 228 463 4,376 L6712
Rear Damsged Total €10 52 31 717,075 9,372 2,502
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Table 34: Impact Type, Seat Performance, Deta V in mph, and Injur§ Rates

(1988-1990 NASS Front-Outboard Stats of Inspected Toved Cars

Injury Ratio:
Damagtd Rate/
Impact Stat Total JIni
v v AD= Alse3 22 ALSsd
Front No damage 00-09 1.2 - 0.1X
-Front No damage 10-19 8.5% 1.0
Front NO damage 20-29 28.52 8.9%
Frent No damage 30-39 56.7% 26.7%
Front No damage 40 + 82.52 44.1%
Front No damage Total 9.5% 2.0
Front Damagtd 00-09 0.0% 0.0X 0.0 0.0
Pront Damagtd 10-19 19.4% 5.92 2.3 5.9
Front Damaged 20-29 48.4% 20.8% 1.7 2.3
Front Damaged 30-39 66.9% 42.02 1.2 1.6
Front Damaged 40 » 93.4% 82,82 11 1.9
m——:n —— S——— —
Front _azaged Total 33.62 16.3% 3.5 8.1
Near-side No damage 00-09 3.2% 0.32
Near-sib No damage 10-19 0.9% 2.1%
Near-side No damage 20-29 22.2% 5.02
Near-side No damage 30-39 100.0%  100.0%
Sear-side No damage 40 « - -
Near -s1de No damage Total 6.6% 1.4%
Near-side Damaged 00-09 24.1% 3.2% 7.6 11.8
Near-side Daraged 10-19 36.6% 14.8% 4.1 7.2
Near-side Damaged 20-29 58.6% 31.0% 2.6 6.2
Near-side Daraged 30-39 75.0% 67.4% 0.7 0.7
Near-side Damaged 40 « 62.2% 51.4% -
ledr- Damaged o —
ear-side Damaged Total 38.5 21.4% 5.8 14.9
Far-side No damage 00-09 4.7% 0.1%
Far-side No damage 10-19 1.9% 1.2%
Far -side No damage 20-29 30.5% 10.9%
Far-side No damage 30-39 62.0%  43.91
tF_ar-s:}de {io damage Aokf 100.0%  86,4%
r-zid J Unk=gvn —_—
Par-side NO damage Total 7.8% 1.4%
Far-side Damaged 00-09 0.5% 0.0% 0.1 0.0
Far-side Damaged 10-19 12.0% 2.82 1.5 2.3
Far-side Dapaged 20-29 408%  33.0¢ 1.3 3.0
Far-side Damaged 30-39 79.3% 66.3% 1.3 1.5
Far-side Damaged 4‘0 . 100.0%  68.8% 1.0 0.8
- D AN
Far-side Dazaged Total 22.6% 13.2% 2.9 3.6
Rear No dazage 00-09 .52 0.2
Rear No damage 10-19 1.9% 0.6%
Rear NoO damage 20-29 10:9x 0.9%
Rear No damage 30-39 5$9.12 0.02
Rear No damage 40 + 68.3% 68.3%
Rear Sray _—
Rear No damage Total 3.1% 0.5%
Rear Damaged 00-09 18.12 0.02 5.2 0.0
Rear Dazaged 10-19 2.8% 0.2 1.4 0.3
Reer Dazaged 23-29 5.X 0.5% 0.5 0.6
.~ Rear Damaged 30-39 22.1X 9.4% 0.4~- -
Rear Damaged go 25.7% 12.02 0.4 0.2
Rear : e nkacv
Feer Dazaged Total 5.3 1.24 1.8 27
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Matched-Pairs Comparison

Drivers and right-front passengers together in a car are exposed to the
same vehicle crash (though not necessarily to the same injury risk), which
suggests that it might be possible to compare their injuries to gain some
insight into the association between seat damage and injury. This is the
basic idea behind the matched-pairs analytical method that has been used with
FARS data, primarily in studies of safety veir effectiveness; it is described
by Leonard Evans in "Double Pair Comparison -- A Mew Method to Determine How
Occupant Characteristices Affect Fatality Risk in Traffic Crashes,” Accident
Analysis and Prevention, Volume 18, Number 3, pages 217-227, June 1986.

Table 35 shows t he number of towed cars that had two front-outboard
occupants with known seat performance and provides a comparison Of the risk of
moderate injury by seat damage. Only front and rear impacts are included
here, because rollover and side impacts seem less likely to involve crash
forces that are similar for the two positions. However, comparisons of
injuries by seat performance may be confounded by differences in the severity
of the crash as experienced by each occupant, even for two occupants within
the same vehicle. For vehicles with both a damaged and an undamaged front-
outboard seat, the occupant in the damaged seat may have been exposed to the
more severe crash forces or to greater intrusion. As a result, this method
may confirg the association between seat damage and injury (while using
another method of accounting for differences in delta V), but it still cannot
identify seat damage as the unambiguous cause of any observed differences.

Table 35: Injuries in Vehicles with Both and Driver and a Right-Front Passenger
(1988-1990 NASS Front-Qutboard Stats of Inspected Towed Cars)

—_ Actual Cases =~ Weighted Number m&ﬂﬁxm
impact Stars Total Hugber Iniured Total Number Iniyred Percent Iniuyred Driver/ RF Pass
Ivze Dasaged Czsec Driver BF Pass _Nusber Driver RF Pass [river RF Pass RF Pass /Driver

Rear, rtgarditss of belt use

Xtither 192 10 10 98,082 3,040 2,003 3.10% 2.04% 1.52 1]
RF Pass 25 5 2 10,689 364 77 3.41% 0.72% 4.73 0.21
Driver 40 [ 3 14154 1,052 232 4.53 0.22
Both 149 19 17 46,978 2872 2,641 7.43% 1.64% 1.0% 0.92
6.112 5.62%
Front, rtgarditss of balt use
Ntithtr 1,936 303 373 690,582 43,820 64,340 6.35% 9.32% 0.568 1.47
RF Pass 139 48 57 IR, 468 5,720 8,145 20,09 28.61% 0.70 1.42
Driver 123 57 45 31,159 OMI5TEL 13,061 29.05% %% LM 1.88 .53
Both 231 104 106 0.82 1.22
Front, ntithtr occupant btlttd
Ntithtr 740 m‘z 197 222,615 17,290 32,219 1.77X 14.47% 0.5 1.86
RF Pass 67 27 29 13,528 3,149 3,793 23.28% 25.82% 0.90 1.11
Drivtr 75 31 32 10,317 2,148 2,440 20.82X% 23.65% 0.88 1.14
Boto- 133 13 67 18,479 5,686 6,010 30.77% 32.32% 0.95 1.06
Frent, both occupants belted
Xeither 880 99 103 376,328 17,325 19,997 4.60% 531% 0.87 1.15
¥ Pass L3 18 18 9,663 2,2:2 2,941 22.93% 3044z 0.73 1.33
Triver 29 12 1] 6,066 495 159 £.16%  2.62% 3.1 0.32
Eoth 31 19 21 8,631 1,205 2,957 13.96% 34.26% C 0.4 2.43
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The matched-pairs method attempts to control for differences in crash
severity (both occupants in a single car are exposed to the same delta V), but
comparisons of injuries in the two seats are complicated by differences in
their inherent safety risks (the two occupants are near different structures,
and a specific crash configuration may be more hazardous to one occupant than
the other) and differences in seat design (the driver seat may offer more
adjustments, and it may be designed differently in other ways as well). As a
result, one position may tend to have more injuries than the other, and seat
damage may involve different risks for the two occupants. It is not clear
that these differences invalidate the comparison of ratios used in the
matched-pairs technique, but the possibility of confounding factors should be
considered in considering the results.

There were very few moderately-injured occupants in rear impacts in
these data, which limits the accuracy of the estimates. It appears that
drivers were injured more frequently than their right-front passengers $
(labeled RF Pass in the table), for belted and unbelted occupants combined,
but it is not clear that seat damage was associated with differences in
moderate injury risk. The number of injured drivers was higher than the
number of injured right-front passengers (in cars that included occupants in
both positions) in rear impacts, by factors of:

4.73 when only the passenger seat was damaged,
1.52 when neither seat was damaged,

1.09 when both seats were damaged, and

4.53 when only the driver seat was damaged.

If seat damage were associated with injury, the values on this list would be
expected to increase (with the two situations of similar seat damage --
neither seat damaged and both seats damaged -- having injury ratios similar to
each other and between the other two values). It was relatively uncommon for
only one of the front-outboard seats in a rear towaway impact to be damaged,
and this limits the data available for comparing injury outcomes by seat
performance.

There were more data for moderately-injured occupants in frontal impacts
because there were both more frontal impacts and a greater likelihood of
injury in these impacts (compared to the experience in rear impacts). This
provides a better basis for exploring the association between seat performance
and injury, but the effect of seat damage in frontal impacts may not be the
same as in rear damage types. Right-front passengers were injured more often
than their drivers in frontal towaway impacts (for belted and unbelted
occupants, combined) for three of four seat damage categories; the exception
was that when only the driver seat was damaged, more drivers than right-front
passengers were injured. The ratio of the driver to right-front passenger
injuries (in cars that included occupants in both positions) in frontal
impacts was: 7

.0.70 when only the passenger seat was damaged,
‘0.68 when neither seat was damaged, =
0.82 when both seats were damaged, and
1.88 when only the driver seat was damaged.

The higher driver injury ratio when only the driver seat was damaged
(1.88) compared to the ratio when only the passenger seat was damaged (0.70)
is consistent with the direction that would be expected if driver seat damage
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increased injury risk in frontal impacts. However, the pattern would be more
convincing if the driver injury ratios for the two similar-damage situations
(neither or both seats damaged} were closer to 1.3 (between the two extreme

situations). :

Belt use was the same for both front-outboard passengers (either poth
were unbelted or both were belted) in most frontal crashes. Belt use was
unknown or differed for the two passengers for' some cases; these are included
in Front, regardless of belt use but not in either of the two groups Frent,
neither occupant belted and Front, both oeccupants belted in Table 35. For the
cases where neither occupant was belted, more right-£front passengers than
drivers were injured in all four seat damage categories. However, there does
not seem to be any pattern between seat damage and the driver injury ratio.
The ratio of driver to right-front passenger injuries among unbelted occupants
in frontal impacts was:

1 6.90 when only the passenger seat was damaged,
0.54 when neither seat was damaged,
0.95 when both seats were damaged, and
0.88 when only the driver seat was damaged.

The driver injury ratio was higher when any seat was damaged than when no seat
was damageg, but there is no obvious meaningful explanation of this effect.
These ratios do not suggest that risk injury among unbelted occupants in
frontal crashes increased when their seat was damaged.

For the cases where both the driver and right-front passenger were
belted in a frontal crash, there were more injured drivers than right-front
passengers for three of four comparisons. The driver injury ratio among
belted occupants was:

0.75 when only the passenger seat was damaged,
0.87 when neither seat was damaged,

0.41 when both seats were damaged, and

3.11 when only the driver seat was damaged*

This large difference in driver injury rate ratios between cases where only
the driver seat was damaged (a ratio of 3.11) and all other cases (ratios
ranging from 0.41 to $.87) may be a random effect of the small number of
injured belted occupants in these data. The comparison between the two
situations with a single damaged seat (for which the driver injury ratios were
0.75 and 3.11) might suggest that driver seat damage is associated with a
greater injury risk among belted drivers in frontal crashes- However, the
ratios for the two similar-damage cases do not fall between these two values
and so do not support this interpretation.

All four comparisons in Table 35 may simply indicate that there are too
few NASS data for this type of analysis, and this may lead to seemingly
inconsistent results. It would be useful to attempt to perform this type of
analysis cn a larger data file, but seat damage information is not currently

available em FARS or any state accident data file. =
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Seat Damage Type

The 1990 NASS data indicate that seat damage was more often intrusion-
caused deformation (42 percent of damaged seats with one damage type) or
deformation from occupant loading (35 percent) than it was broken seat
adjusters, folding locks, tracks, and anchors (23 percent combined, Table 36).

Table 36: Detailed Seat Performance
(1990 NaSS Front-Outboard Seats of Inspected Towed Cars)

Actual
Seat Perforpance = _Cases
No damage 6,159 2,309,639
Seat Jdlusters "broken 75 16,974 %
Folding “locks broken 105 27,071 112
Track/anchors broken 64 12,733 5%
Deformed b% occupant 316 88,701 35X
Deformed by intrusion 450 104,578 42X
Conbination a5 12,288
Other 61 13,610
Unknown —l3l  __4ss]0
Total 7,466 2,630,003 1002

Nonfolding seats had almost twice as much deformation from occupant
loading as, from intrusion. In contrast, folding seats had two or three times
as much deformation from intrusion as from occupant contact (Table 37).
Broken seat components accounted for:

17 percent of damage in bucket seats without a folding back,
28 percent of damage in bucket seats with a folding back,

20 percent of damage in bench seats without a folding back, and
12 percent of damage in bench seats with a folding back.

The vehicle impact type appears related to the type of seat damage
(Table 38). Seat breakage (as opposed to deformed seats) accounted for the
following percentages of damaged seats:

45 percent in rollover crashes,

45 percent in frontal impacts,

3 percent in near-side impacts,
22 percent in far-side impacts, and
28 percent in rear impacts.

Most seat breakage in rollovers (and accounting for 40 percent of all seat
damage in rollovers) involved the folding locks. This is higher than the
proportions in the other four vehicle impact types. Deformation from occupant
contact accounted for 71 percent of seats damaged in rear impacts and 42
percent in frontal impacts; most seat damage in side impacts was intrusion-
caused deformation (90 percent in near-side and 71 percent in far-side
crashes).

The risk of moderate injury differed by vehicle impadt¥ type and seat
performance as shown in Tables 39 to 43.
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Table 37: Seat Type and Detailed St at

Performance

{1990 NASS Front-Outboard Stats of Inspected Tovwed Cars)

Sﬁtket,notl ol di ng

Bucket, not folding
Bucktt, not folding
Bucket, not folding
Bucket, not folding
Bucktt, not folding
Bucktt, not folding
not i
Bucket, not folding

Bucket, folding
Bucktt, folding
Bucket , folding
Bucket, folding
Bucket , folding
Bucktt, folding
Bucket, folding

Bucket, folding

Bench, not folding
Bench, not folding
Bench, nor folding
Btnch, not folding
Bench, not folding
Bench, not folding
Bench, not folding

n
Bench, not folding

Bench, folding
Bench, folding
Bench, folding
Bench, folding
Bench, folding
Bench, folding
Bench, folding

ing
Bench, folding

Other type
Other type
b

thtr type
Unknovn typt

Total

Seat

Ko seat damage

Seat adjuster broken
Folding lock broktn
Track/anchor broken
Deformed by occupant
Deformed by intrusion
Other or combination

Total

No seat damage

Seat adjuster broken
Folding lock broktn
Track/anchor broken
Deformed by occupant
Deformed by intrusion
Othtr or combination

Total

No seat damage

Seat adjuster broktn
Folding lock broken
Track/anchor broktn
Deformed by occupant
Deformed by intrusion
Other or copbination
Unknown

Total

No seat damage

Seat adjuster broktn
Folding "lock broktn
Track/anchor broktn
Deformed by occupant
Deformed by intrusion
Other or combination
Unknown

Total

No seat damage
Deformed by occupant

Total
Unknown

Total

7,466

Weighted

543,939
8,212
1,481
2,398

31,113
17,243
4,656

—8.753
15,802
1,104,670
3,888

¥

23,3%0

6,504
26,857
58,817
16,269

b f 23
1,251,620
470,308

¥

1,085
3,599
26,332
16,073
3,436
—3a303
531,018
188,924
793
1,115
232
3,762
12,389
1,538
ardeddd
230,089
1,798
37
—tl
1,885
19,593

2,630,003

Percent
of

Damaged

Seats




Damage

IR

Rollover
Rollover
Rollover
Rollover
Rollover
Rollover
RolJover
Ro| lover

Front
Front
Front
Front
Front
Front
Front

Front

Near-side
Near-side
Near-side
Near -side
Near-side
Near-side
Near-side

Near ade

Far-side
Far-side
Far-side
Far-side
Fir-side
Far-side
Far-side

Far-side

Table 38: Detailed Seat Performance
(1990 Nass Front-Outboard Seats of Inspected Toved Cars)

Seat

No damage

Seat Jdjusttrs broken
Folding "locks broken

Track/anchors broken

Deformed by occupant

Deformed by intrusion
Other or combination

Unknowvn

Total

No damage

Seat adjusters broken
Folding locks broken
Track/anchors broken
Deformed bg occupant
Deformed By intrusion
Other or combination
Unknown

Total

No damage

Seat adjusters broken
Folding locks broken

Track/anchors broken

Deformed by occupant

Deformed by intrusion
Other or combination

Unknown

Total

No damage

Stat adjusters broken
Folding locks broken
Track/anchors broken
Deformed by occupant
Deformed By intrusion
Other or combination
Unknown

Total

No damage

Seat adjusters broken
FddTglocks broken

Track/anchors broken

Deformed by occupant

Deformed by intrusion
Other or combination

Unknovn

Total

Actual Weighted
Lases

544 200.200

6 ‘539

18 5,040
3 165

22 3,545
3 3,358
11 1,809
4

W kil

3,313 1,184,634
26 3,347

37 9,335
40 7,475
116 20,562
66 6.169
72 10: 754

. 880
3,755 1,269,156

672 263,622
10 1.127
4 ‘465
3 ar9

5,738

2:: 76,649

18 2,124

—ld
1,019 556,%%£

806 296,580

8 1.061
6 1,136
5 2,029
14 1,300
56 13,821
14 2,498

306 143,031

40 11,095
12 2,043
126 56,578

5 558
28 8,398

W mnia

Percent

0
Damaged
-Seats

4%
402
1X
28%
27%

100%

nx
192
152
42%
13%

T00%

11%
14%

X
X

T00%



Table 39: Seat Performance and Imjury Stveriy in Rollovers
{1990 NASS Front-Outboard Seats of Inspected Toved Cars)

Seat Injury Actual Weighted  Injurtd
Perforgence Y ALS 2+
No seat damage Uninjured ER 69,012
Ko seat damage AIS 1 256 98,673
No seat damage AIS 2 114 22,398
¥o seat dagige : 83 18,137
No damage Total 544 200,200 16%
Component broktn Uninjured 1 312
Component broken AIS 1 12 3,885
Component broktn AIS 2 [ 1,125
Cozponent Droktn Total 7 3, T4k 2%
Deformed by occupant Uninjured 1 98
" Deformed by occupant  AIS I 10 1,898
Deformed by occupant AlS 2 g 1,189
¥ d -3 —£0
Deformed by occupant Total 22 3,545 35%
Deformed by intrusion  Uninjured 1 521
Deformed by intrusion  AIS 1 9 581
Deformed by intrusion  4AIS 2 7 1,240
by & - 17
Deformed by intrusion Total 34 3,358 67X
Other or combinatidn Uninjured ] 0
Other Oor combination AIS 1 3 1,023
Other or combination AIS 2 -i 26
or -
%tﬁer or combination Tota 11 1,809

Table 40: Stat Performance and Injury Severity in Frontal Impacts
(1990 NASS Front-Outboard Seats of Inspected Towed Cars)

Seat Injury Actual Heighted Injured
Severity AIS 2+
Kp sezt Jamage Uninjured 884 367,930
No Seat damage AlS | 1,728 495,080
No seat damage AIS 2 485 93,674
No seat dagage AlS 3-8 5 27,951
Ho seat damage Total 3,313 1,184,634 10%
Comporent broken Uninjured 8 4,431
Component broken AIS 1 46 10,669
Component broktn AIS 2 23 4,164
. AlS 3-6 28

Comporent broktn Total 103 22,156 32%
Deformed by occupant Uninjured 7 331
Dtfomed by occupant AlS 1 67 13,268
Deformed by occupant AlS 2 20 4,492

H - 47
g?am&d by occupant ?eta% T%g Eé‘,‘i‘s% 34%
Deforzed by intrusion Uninjured 1 21
Deformed by intrusion  AIS 1 14 2,041
Deformed by intrusion  AIS 2 16 1,149
Deforzed by intrusion  Total €6 6,169 67X
Other or combination Uninjured [ 2,500
Other cr ¢ombination AIS 1 26 4,748
Other Or cosbination AI5 2 17 1,649

%;‘.:’ifr gr _gozhinaticn - 23 1.857
ther or combination Tot 72 10,754



Table 41: Seat Performance and Injury Severity in Near-Side Impacts
(1990 NASS Front-Outboard SeatS of Inspécted Toved Cars)

Seat

Eo seat gamage

No seat damage
No seat damage

0 seat damage
Component  broken
Component  broken
Component  broken
Component broken
Cozponent broken
Deformed by occupant

Deformed by occupant
Deformed by occupant
v

Deformed by occupant

Deformed by intrusion
Deformed by intrusion
Degomed by intrusion

Deforped by intrusion
Deformed by intrusion
Other or combination

Other or combination
Other or combination

or
Ot%er or comgl nation

Injury Actual
V

Uninjured 201
AlS 351
AlIS 2 87
%153'_3-6 33
ot 672
Uninjured 1
AlS i 7
AlIS 2 6
: -

Tot 17
Uninjured 2
AlS 15
AlS 2 6
AlS 3-6 s
Total 21
Uninjured 10
AlS 97
AlS 2 S0
AIS 3-6 115
Tota 272
Uninjured 0
AlS 1 5
AlS 2 4
3-6 9
Total 18

Weighted

Number
123,783
119,114

16,520

—.205
263,622

168
1,240
990
24

3,472

460
2,832
1,669

777
5,738

9,146
42,607
8,041

Injured

ALS 2+

8%

43x

43%

32%

Table 42: Seat Performance and Injury Severity in Far-Side Impacts
(1990 NasS Front-Outboard Sedts of InspeCted Toved Cars)

- s
ot

No seat damage
No seat damage
No seat damage

No seat dapage
No seat damage

Component  broken
Component  broken
Component  broken

Component broken
Component  broken

Deformed by occupant
Deformed by occupant
Deformed by occupant

Deformed by occupant

Deformed by 4ntrusion
Deformed by jntrugion
Deformed by intrusion

~ 4 8v saten

Deformed by Intrusi on

Other or combjnatjon
Otter or combination
Other or combination

her or_cozbinatic
%ﬁﬁer or combination

Injury Actual
v ”~
Uninjured 269
AIS 1 392
AlIS 2 100
AIS 3-6 43
Total 806
Uninjured 4
AlS 1 7
AlS 2 4

o 4

ot 19
Unin{ured 0
AIS 10
AlS 2 3
= -1

Tot 14
Unin{ured S
AlS 23
AlS 2 10
is 3- 18
Total 56
Unin{ured 1
AlS 7
AlS 2 3
M -3

Fort

—
E ol

Weighted
Numh

Injured
.vs 2¢
8%
182

17

~29%
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Table 43. Seat Performance and Injucr}f/ Severity in Rear Impacts
{1990 NASS Front-Qutboard SealS Inspected Toved Caro)
Seat Injury Actual Weighted Injured
Perforgance veri -ALS 2+
No seat damage Uninjured 37 76,940
No seat damage AlS 1 186 60,713
No seat damage AlS 2 20 5,141
AlS 3-6 —

No seat damage Total 306 143,031 4X
Component broken Unin{ured 20 6,359
Component broken AlS 33 14,786
Component broken AI5 % . _é 76?

Component %roﬁen otal 77 22,037 4x
Deformed Dy occupant Unin'{ured 3 12,262
Deformed by occupant AIS B4 41,486
Deformed by occupant AIS 2 10 2,619

AJS 3-6 |

Deformed by eccupant Total 126 56,578 52
Deformed by intrusion Uninjured 0 Y
Deformed by intrusion  AIS | 2 103
Deformed by intrusion  AIS 2 0 o
iptrusi - 3 454
Deformed by intrusion  Total 5 558
Other or combinatisdn Lhﬂrqured 5 477
Other or combination AlS 18 7,407
. Other or combination AIS 2 3 433
o = £ — Bl
Other or combination Tot 28 8,398

The risk of moderate injury differed try vehicle impact type and seat
performance, as summarized here from the data in Tables 39 to 43.

Moderate Iniury Rate

No Seat Component Deformed bv:

Rollover 16 percent 27 percent 35 percent 67 percent
Front 10 percent 32 percent 34 percent 67 percent
Near-side 8 percent 43 percent 43 percent 32 percent
Far-side 8 percent 18 percent 17 percent 28 percent
Rear 4 percent 4 percent 5 percent few data

The higher injury rate in damaged seats suggests that seat performance may be
useful as a statistical control for crash severity (in analyzing other
crashworthiness issues), but that it may be difficult to control statistically
for crash severity to isolate the effect of seat damage on injury.

With additional years of detailed NASS seat performance data, it will be
possible to compare injury.consequences by seat damage type. The small number
of cases currently available with these details on the automated file limit
the comparisons that can be made. There were only 29 cases investigated in
1990 that met the following criteria: cars with nonrollover frontal damage and
two front-outboard occupants (both a driver and right-front passenger},; with
the same belt use status for troth cccupants {both were belted or neither was
belted), and with one of these seats undamaged and the other with a single
damage tvpe (that i S, with broken seat hardware, deformation from occupant
impact, or intrusion-induced deformation -- excluding damage from multiple or
unspecified causes). The data for these cases are summarized in Table 44.




Table 44: Seat Performance and Injury Severity in Frontal Impacts

vith Either Tvo Belted cr Tvo Unbelted Front-Outboard Passengers

and Exactly One of these Two Seats Damaged
(1990 NASS Inspected Toved Cars)

Damage
to Seat

Weighted Number

Driver _Enm_f_mm_zu%gmx_ vith Case for Subgroup of
NMS Case DV Bt Seat Treat- Sert . Treat- Worst  Ratio  Serf Damage and
: goh Used Age Dapage AIS ment Age Damage AIS ment Injurv. ~Iniury Quscome
95- 1- 3-1 - No 18 None* 6 Fatal 2 Hosp None 437.12
90- 2- 99-1 24 Yes 30 None 3 T&R O BarBmt | Disease  None 174.93
90-44-122-2 - Yes 29 None 2 Hosp 0 Bent* 2 Hosp None 270.57
90-72-145-2 23 Ko 37 Noner 1 None None 29.34
90-74-198-I - No 18 None* 3 Hosp 175 Bat B 127.80
90-80- 36-2 28 Yes 71 Bent 2 Hp 69 None 3 Hosp None 20,93 1061 822
90-10- 23- - No 21 Bent 2 T™ 21 None* 1 T&R Bent 139.67
90-42- 28-2 - No 28 None 3 Hosp 70 Bent* 4 Fatal Bent 11.12
90-78-191-1 - Yes 74 None* 3 Hosp 74 Bent 7 Fatal Bent 79.42 230 18%
90- 4-107-| - No 22 Broken 2 T&R 18 None 3 Hosp None 19.86
90-75- 2 - | - No 26 None 2 T&R 26 Brokent 1 T&R None 43.00
§0-75-4-1 - No 25 None 2 Hosp 27 Brokent 1 T&R None 128.99 192 112
90- 1- 14-2 18 No 19  None 1 T&R 16 Broken* 2 Hosp Broken  580.84
90- 4- 23-2 41 No 42 None 3 Hoyp 36 Broken S Fatal Broken 46.87
90-12-7-1 44 No 17 Broken 3"+ Hosp 17 None 2 Hosp Broken 41.65
90-44- 11-1 28 No 16 Broken 4 Hosp 15 None 2 Hosp Broken  223.65
90-45- 54-1 16 No 26 None 1 T&R 36 Broken* 2 Hosp Broken 92.54
90-45-115-1 - No 2B Nore 1 T&R 23 Broken* 2 Hosp 97.26
90-73- 26-1 22 No 17 Broken* 2 T&R 17 None 1 TR Broken  126.64
90-74- 79-I - No 27 None 1 None 26 Broken* 2 T&R Broken  124.96
90-76-103-2 30 Yes 29 Broken* 3 Hosp 32 None* 7 T&R Broken 148.43 1,483 89 2
90-13- 95-1 21 No 35 Intrude ! T&R 28 None 2 Hosp None 129.23 129 312
90- 4- 52 - No 48 Intrude 2 Hosp 48 None 2 T&R Intrude  74.43
90- 7-110-1 20 No 25 |Intrude* 2 Hosp 20 None 1 Unknovn Intrude 5231
90-51- 21-2 27 Yes 17 |Intrude 3 Hosp 15 None 1 T&R Intrude 119.70
QC-74-144-2 - Xo 33 Nene 4 Hosp 48 Intrude+ 3 Fatal Intrude  18.01
90-77- 76-1 - No 23 None 1 T&R 25 Intrude 2 Hosp Intrude  24.97 289 69 2
SC-1-129-1 54 Yes 27 None* 3 Fatal 5 Intrude 6 Fatal Unclear 134.40
§3-31- 63-2 29 No 51 Intrude 3 Hosp 69 None 3 Hosp Unclear 27891 413 -

Treatment: Fatal = Died as outcome of crash
Disease = Died from other cause
Hosp = Hospitalized
T&R = Treated and released
None = NO treatant
, Unknovn = Treatment unknown ]
e indicates an occupant seated behind

Seat Damage: Bent = Deformed by occupant im
0 Broken = Damaged se)ét harg\?gre pact
Intrude = Deformed by intrusion
None = Undamaged

Injury: . AIS 7 = Injured, severity unknown

e
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The available data suggest that the relationship between seat damage and .

occupant injury may depend on the type of seat damage:

When one seat was deformed by occupant loading and the other was
undamaged, the more severe injury occurred in the ~damaged Seat
in an estimated 82 percent of these crashes;

When one seat had broken seat hardware and the other was
~damaged , the more severe injury occurred in the damaged Seat in
89 percent of these crashes;

When one seat was deformed by intrusion into the passenger
compartment and the other was ~damaged, the more severe injury
occurred in the damaged seat in &% percent of these crashes,

Compared to the experience in ~damaged seats, occupant-induced deformation
{(by any occupant -- not necessarily the occupant in that seat) was associated
with lower injury severity, but seat breaking and intrusion-induced
deformation were associated with more-severe injury in frontal impacts. There
were too few data for a similar c¢comparison for rear impacts, and the
experiences in frontal and rear impacts may be quite different. This type of
comparison (a variant of the matched-pairs comparison in Table 35} does not
seem to be'a useful method for exploring seat damage in side and rollover
crashes , where the two occupants would experience very different crash forces.

There may also be important differences between the driver and right-
front passenger experiences even in frontal and rear impacts that limit the
validity of the comparison described by Table 44. For example, the seat
design, specific damage location, structures surrounding the occupant,
occcupant characteristics, and rear-seat occupancy may differ to some extent.
Table 44 shows that if one front-outboard seat was deformed by occcupant
loading and the other was undamaged: the right-front passenger seat was
usually the one deformed, there was often a rear-seat occupant directly behind
that seat, and the driver was usually the occupant who was more-seriously
injured. As a result, it is not clear how well the differences in observed
injury risk reflect the effect of seat damage on injury and to what extent
seat damage reflect confounding factors and the effects of forces that cause
both damage and injury.
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The following research efforts are planned to understand better current seating system
properties and to attempt to resolve safety issues associated with occupant injuries. Phase I
efforts are described below. The need for and contents of a Phase I research effort will be
established after review of comments received in response to the request for public comments
concerning Upgrade of Standard No. 207 and the results of Phase I efforts. It is currently
envisioned that Phase II will include functional parameter measurements of production seats
and construction and testing of an optimized seating system whose controlling design
parameters are developed from exercise of the analytical model developed in Phase I. Phase
II may also include test dummy upgrades to provide better human like responses to rearward
head rotations and extensional loading of the neck as well as appropriate hip/femur rotation.
Subsequent efforts may be devoted to development of compliance test procedures and
establishment of measurement parameters and their tolerable limits.

PHASE 1
ANALYTICAL MODELING OF OCCUPANT SEATING/RESTRAINT SYSTEMS

The purpose of this research is to develop and validate models which can be used to analyze
the performance of baseline, modified baseline, and integrated seating systems. The
resulting products will provide the capability of analyzing a large variety of questions
regarding the forces, deformations, and occupant protection performance of seats which
contain different levels of seat strength, head restraint and system geometries, and other
occupant restraint features and thereby may provide a means to reduce the number of tests
required to achieve better seat designs.

The models shall be validated in frontal and rear impacts for two physical seats: (1) a
baseline seat which meets all current standards, and (2) an integrated seat which includes all
three belt attachment points. The model should then be applicable to both types of seat
designs, including seats with folding seat backs.

STRUCTURAL ANALYSIS OF SEATING AND RESTRAINT SYSTEMS

The objective of this task is to determine the characteristics of the physical system to be
modeled, and to develop data for the model by physical measurements, and the conduction of
static and dynamic tests.

A seat model shall be developed which when input with crash loadings of front and rear
impacts will faithfully predict the following:

Loads reacted by the seat track and anchorages

Seat and seat back displacement and loads on seat back locking device

l




Safety belt loads, including those induced by pntensiuning
Occupant chest, head, neck and pelvic loads, displacement and acceleration
Occupant kinematics versus seat height and head restraint position

|n modeling the seat anchorage loading and seat displacements,
at a minimum the following load sources shall be considered:
Sedt Inertia
Anti-submarining seat reaction (occupant loading)
Occupant seat back and bead restraint |uading during rearward seat loading
Knee |loading from restrained and unrestrained rear seat occupants
Lower anchorage(s) fur seat mounted lap belt
Upper anchorage fur seat mounted shoulder belt
Rigid and nonrigid floor support fur the seating system '

Static and dynamic tests shall be conducted to assess the magnitude of each of the load

sour ces. To accomplish this a static test rig, a sled buck and a test seat shall be designed
and constructed. These shall accommodate the measurement of forces transmitted to the seat
anchorage, scat back and head restraint and the measur ement of resulting defor mations.

Two seats shall be selected fur model validaticm: a baseline seat and an integrated seat.
Physical measurements shal be made and static and dynamic tests of the two seats and their
components shall be made to evaluate their mechanical and damping properties. The
physical measurements will include dimensions, centers of gravity, and mass moments of
inertia of major scat, bead restraint, and back components. |n order to conduct the static
tests, a test rig shall be constructed which will permit the application of loads to the seat,
head restraint, and seat back, and provide fur the measurement of the resulting deformations
and reactions at anchorage and hinge points. Static load testing shall be conducted which
simulate luading sources in addition to the seat inertia, e.g., occupant loads, belt anchorage
loads.

Using the results of the static tests, an instrumented seat and sled buck for dynamic testing
shall be made. Both frontal and rear car crash sled simulations shall be conducted employing
the 50® percentile Hybrid IIl dummy. These sled tests shall investigate the seat loading, load
paths within the seat, belt anchorage loads, and seat anchorage loading. The frontal crash
test series shall measure the influence of anti-submarining seat pan configurations and belt
anchorage locations on the seat. The rear impact tests shall evaluate the influence of seat
back stiffness and seat back energy absorption on seat loads. Additional rear impact sled
tests shall be conducted to evaluate the influence of head restraint designs on dummy neck
responses. s

Analysis of the test data shall be performed to establish appropriate input data to the
MADYMO simulation model.



DEVELOPMENT AND VALIDATION OF MODEL

A literature review on seating system models will be an early effort. |f no suitable models
are found, and no suitable models ar e made available by responders to the request fur
comments from the public regarding Upgrade of Standard No. 207, the following effort will
be implemented.

e

The objective is to develop a MADYMO based model which has been validated for
predicting occupant, seat, and restraint system response in frontal and rear impacts. The
validation will be conducted for two seat/restraint systems which represent a range of
expected performance. The seat/restraint systems shall be selected on the basis of the
exploratory static loading and sled tests conducted earlier in the program.

At present, the MADYMO program incorporates only membrane type finite elements which
are not suitable for modeling of seat structure. Therefore, the structures in the seat back and
seat will be three dimensionally represented as multiple lumped masses connected by joints,
including at a minimum, one at the seat to seat back connection, one at mid height of the seat
back, and one at the head restraint attachment. These lumped masses and joints must be
suitable for modeling folding seat backs, varied seat back stiffness as function of height
location, and influence of head restraint stiffness. Springs and dampers will be incorporated
to model the structural response. The properties of the springs and dampers will be
determined from the static and dynamic testing conducted earlier.

The seat, seat back, dummy, and restraint systems will be modeled using the presently
available MADYMO program and the resulting model exercised on the NHTSA VAX
computer.

A series of sled tests will be conducted for model validation. These tests will include frontal
and rear crash simulations and shall employ a 50® percentile Hybrid IIl dummy. In order to
insure the accuracy of the validation data, each test will be replicated. The resulting tests
will form the basis for the model validation.

Thewm:shaﬁm&em_@mmﬁen'smquﬁedmmﬁﬂewmm
the model and the primary validation conditions.

The results will be documented in an interim report, and demonstrated to NHTSA personnel,
using the VAX computer.

EXTENSION OF THE MODEL TO OTHER DUMMY SIZES AND CRASH SPEEDS

Based on the quality of results achieved in the prior efforts, a decision shall be made as to
whether further model improvement and validation efforts are justified. Such additional
validation would include front and rear crash sled tests at higher speeds and would add tests
with 5® percentile female and 95* percentile male Hybrid IIl dummies. If it is decided to

3



perform this additional work the results would be used to validate the model for higher
speeds and a range of dummy occupant sizes. Further efforts may also be expended tu
correct the Seat representation as required to achieve agreement between the mudel and the
vaidation conditions.

The results will be documented in a final report, and demonstrated to NHTSA personnel,
using the VAX computer.

REAL-WORLD COLLISION DATA ANALYSES

There were 1,156 damaged car seats (among occupied front-outboard Sects) reported in the
1990 NASS data. These were the only automated data available that distinguished seat
bending from seat breaking when the report “Seat Damage and Occupant Injury in Passenger
Car Towaway Crashes’ was recently prepared by Susan C. Partyka. The complete 1991
NASS data, which are now available, approximately doubles the data base readily available
for astatistical analysis. The data analysis will now be perfor med employing the enlarged
automated database. A special effort will be made to distinguish seat bending influence on
occupant injury from tbat of seat breaking using this data source which provides such
identification within the damaged seat category.

PROGRAM OUTPUTS
Collision Data Report Approximately three months
Fina Report Approximately one year

3.
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INTRODUCTION

This report summarizes the interim results of a research project entitled, "Upgrade Seat
and Occupant Protection Systems”. The research examines opportunities for reducing
highway casualties through improvements in air bags, belt systems, interior padding, seating
systems, and pre-crash sensing. The focus of this report is on seating systems. The report
provides a summary of the search of the literature, patents, and regulations related to
seating. In addition, recent accident data analyses related to seat performance were
reviewed, and the results summarized. A total of 45 NASS cases were reviewed to evaluate
seat performance in real crashes. The results are included in this report. Finally, recent
trends in seat design are reported.

A recent trend in seat design is the incorporation of the safety belt anchorages on the seat
structure. In many new cars, the anchorage for the lap belt buckle is on the seat structure.
Some have both lower belt anchorages attached to the seat. Seat manufacturers are now
developing designs for all three anchorages to be fastened to the seat. These changes, which
integrate the seat and restraint system, are anticipated to have a very positive effect on
restraint comfort, use rate, and safety.

SEATING SYSTEMS LITERATURE AND PATENTS
Historical Perspective of the Integrated Seat Concept

Today, the vehicle seat is generally recognized as a fundamental portion of the total
occupant crash protection system. However, the design of belt restraint systems and seating
systems have largely progressed independently. In recent years, numerous technological
innovations have been incorporated into production seats and restraint systems to improve
the combined performance.

Our search of patents and literature indicates that many of the currently emerging
concepts and innovations were thought of long ago by engineers and inventors. It is still
constructive to examine some of these creative ideas in the light of today’s understanding of
biomechanics, the accident environment, and available technology.

The concept of an integrated seat and restraint system has been around as long as the
automobile. In early automobiles, the principal function of lap belts was to keep the
occupants from being ejected from their vehicles when driving on bumpy roads. In 1903,
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Levau of France patented an integrated seat with a lap belt and two shoulder belts. The
upper anchorages for the shoulder belts were attached to the seat back. The belts were
routed diagonally across the chest, forming an "X". A sketch is shown in Figure 1 (Levau
1903).

In 1967, this integrated seat-belt concept was incorporated by Republic Aviation Div.,
Fairchild-Hiller Corp. in the New York Safety Sedan. This vehicle was only a "paper"
concept car. Figure 2 shows the design. However, during the same period, General Motors,
Ford, and Chrysler all showed seat-integrated restraints in their concept cars named "Astro
1", "Techna", and "300X", respectively.

In his 1969 paper, Snyder offers the following comments regarding passenger seats which
integrate the "X" type shoulder belt system:

The seat integrated system would allow nearly correct belt angles and optimum
placement for all occupants, since the system would be independent of seat movement,
and limitations of various package designs. The unsightly gaggle of straps would
disappear, and with improved lateral flaring ‘in bucket seating, greater side impact
protection could be provided. Balanced against this, however, are new problems. Such
seats must be constructed to contain inertia reels, retractors, or other devices, yet be built
strong enough to protect against 40 G loads. Because the shoulder harness would retract
into the seat back above the shoulder level, the higher CG, combined with possible
rear-passenger loading, during forward impact would require considerable structural
strengthening of presently available seats. Even with modem materials, so that weight is
no longer a problem, it has been estimated that such seats might add considerably to car
cost. .... Nevertheless, it seems probable that this is one direction in which restraints will
evolve.”

Some of the earliest automotive safety research sponsored by the federal government was
directed to improve seating systems. An early program at UCLA, sponsored by the Public
Health Service, was summarized by Severy, et al. in a 110 page SAE paper, “Backrest and
Head Restraint Design for Rear-Collision Protection”, SAE 680079. The conclusions of this
paper are included in Appendix A. The authors conclude that elastic rebound from seat
backs increases the chance of multiple impact injuries. However, they conclude that
increasing the seat rigidity reduces rebound. They postulate that rebound energy comes
principally from the elastic deformation of the seatback metal frame. The implication that
there is the need for a stiff frame with energy absorption built into the padding and springs.

Severy applied his experience from the UCLA program to design an integrated seat for
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- Integrated full body restraint system conceived and
patented by Leveau of France in 1903

Figure 1

- Final version of New York safety sedan design
l by Republic Aviation Div., Fairchild-Hiller Corp.

Figure 2
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the Liberty Mutual Safety Car. The resulting design was constructed and crash tested. The
design was a capsule seat with integrated double shoulder belt and lap belt restraints, a head
restraint, and side wings for side impact protection. The seat was mounted on a pedestal
base, which was designed to flex at the floor pan, thereby mitigating impact energy. The
design is shown in an SAE paper (Severy 67). A sketch of the design is shown in Figure 3.

Later studies, funded by the Federal Highway Administration, were awarded to Cornell
Aeronautical Laboratory and HSRI. The final report, "Integrated Seat and Occupant
Restraint System Performance", was published in 1967. These studies examined modeling,
injury criteria, and cost benefits analysis for integrated seat concepts. Recommendations
were made for elaborate follow-on research. In follow-on research, HSRI designed an
integrated safety seat which employed two shoulder belts and a lap belt which formed an "A"
configuration. In this design, the single upper anchorage was attached to the roof. The
HSRI design is described by Melvin (72), and is shown in Figure 4.

The HSRI seat was further developed and tested in a NHTSA research program to
develop a deployable head restraint. The results of this research are reported by Melvin
(72) and Hilyard (73). The anchors demonstrated effective protection in severe rear-end
collisions at vehicle-to-vehicle closing speeds of 80 mph with 40 G peak crush structures.
Both deployable and non-deployable head restraints were designed and tested. The authors
stressed the importance of matching head restraints and seat back structure. They also
found benefits in minimizing elastic energy storage in the seatback by utilizing a basically
rigid, load carrying seat structure.

Rear impact tests with dummies and cadavers were reported by Hu (78 and 80). In these
NHTSA sponsored programs, sixteen dummy and nine cadaver tests were documented.
The cadaver tests were at a delta v of 16 to 17 mph. Five tests incorporated deflecting
seatbacks and six had rigid seatbacks. Neck fractures of AIS 3 level were observed on all
but two specimens, the remaining were uninjured. The differences in the specimens and test
variables for the cadaver tests were such that insufficient data was developed to draw
conclusions on the relative risk of neck injury for deflecting versus rigid seats.

Patents of Interest

A search of patents suggests several concepts which may have application to improved
seating design. Although many of the patents are not practical, the ideas and objectives are
often interesting, and consequently, may form a basis for practical safety systems. Selected

. 011
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- Liberty Mutual capsule seat design incorporated

an integrated harness, seat support and side flaring to pro-
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Figure 3

(b) Seat Frame

. THE HSRIi INTEGRATED SAFETY SEAT (ISS)
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The Cox Company, in England, was active in the early 60’s in designing safety seats.
Babbs (63), and Hilton (66) describe their research seats. Their 1963 design incorporates an
integrated four point belt system. The design is shown in Figure 5.

In 1957, Pinkel and Rosenberg of NACA (now NASA) Lewis Research Center, proposed
an energy absorbing pedestal for the seat mounting element. Crash energy is absorbed by
plastic deformation of corrugated cylinders which make up the base. The seat includes an

integrated belt restraint system. The plastic deformation in a rear crash is shown in Figure 6
(Pinkel 57).

A number of patents deal with air bags, rather than or in addition to belts integrated into
seats.

Nate Pulling of Liberty Mutual, in 1975, patented air bag restraints integrated into a
capsule seat. The air bags deployed from each side and restrained the abdomen/pelvic area
to the seat. The patent is summarized in Figure 7.

Surace of Alfa Romeo patented an inflatable head protector, which is shown in Figure 8.
A seatback integrated air bag for side impact protection is shown in Figure 9. For rear
protection, Daimler Benz has patented an air bag which deploys from the head restraint as
shown in Figure 10.

Patents also exist for air bags which deploy from the seatback and protect rear seat
occupants. Indeed, NHTSA’s early air bag research envisioned air bag protection for both
front and rear occupants. In January 1992, Allen Breed, speaking before the Automotive
News Congress, predicted rear seat air bags as the next significant safety feature in luxury
cars. Possibly, the Bertrand patent, sketched in Figure 11, is within the realm of possibility.

A Daimler Benz patent for seats with internal air pressure is described in Figure 12. This
patent is primarily oriented to comfort, however, it may also have applications in the
control of injury from impact and rebound.

A number of inventors have suggested seats designed so that the front of the seat tilts and
rotates upward during a crash. An active design, circa 1964, is shown in Figure 13. A variety
of active and passive designs are shown in Figure 14. The most recent entry is by
Topsource, which claims to have sold their tilting seat design to Chrysler for a future
production vehicle. The postulated benefit of the titling seat is to reduce submarining.
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3,901,518
VEHICLE RESTRAINT SYSTEM
NMH.M”MM'«#MM
Mutual lnsurasace Company, Beston, Mass.
Filed May S, 1978, Ser. No. 574,288
Int. CL* B6OR 2//08
US. CL 200730 6 Clalms

1. A safety system comprising:

a vehicle for providing human transportation, said vehicle
comprising a front end that leads said vehicle during
normal movement thereof,

seating means including a seat for accommodating 8 passen-
ger of said vehicle, said seat comprising a substantially
horizontal base portion for supporting the buttocks of the
passenger and a substantially vertical back rest portion
for supporting the back thereof,

inflatable air cushion means comprising a pair of indepen-
dently inflatable bags one disposed on each side of said
seat 50 a3 to be forced upon inflation into mutually engag-
ing positions adjacent the abdomen of the passenger;

collision responsive detector means for simultaneously
inflating said bags in response to detection of a collision
of impending collision of said vehicle;

lateral support means for restraining the self-induced lateral
thrust produced by engagement of said inflated bags, said
support means comprising a support member on each
side of said seat; and

a flexible, non-clastic restraint means secured to each of
said bags 50 as 1o restrain upward movement thereof, one
of said restraint means having one end secured to the
mutually engaged surface of one of said bags and the
other said restraint means having one end secured to the
mutuaily engaged surface of the other bag, the opposite
ends of said restraint means being secured to said vehicle

Figure 7

3,953,049

~ INFLATABLE BEAD PROTECTOR
Filippe Surace, Milan, and Marce Garetti, Mariane Comense
mhﬁdhb.-.mnmmmln

Filed Mar. 7, 1974, Ser. Ne. 449,211
Claims prierity, application Italy, Mar. 8, 1973, 21133/73

int. CL* BGOR 2//08

US. CL 180-72 12 Clalems
1. A devics for the protection of the head on an occupsnt
in a motor vehicle in the case of impact forces on the velicls,
said device comprising & protective strip haviag an extended—
operative position aad a retracted inoperative position, said
strip including s plurality of inflatable members, a casing
retaining said strip folded on itself in said retracted position,
said strip in said inoperative position extending aloag a sub-
stantially U-shaped line and having opposite ends with means

tacted thereby and produce tensile stresses in said sectors
passing substantially through said axia, the line of action of the
resuitast of said lensile stresses substantially coinciding with
the ceater of gravity of the occupant’s head, and means re-
spomsive 10 a presclocted deceleration magnitude of the vehi-
cle for inflating ssid inflstable Mbentoexpe!nndnqp
from said folded inoperative position hnide-:ﬂ:wd
unfuried operative position, said inflatable members during
mmemmgupdmmm to the inflated condition
while the strip is restrained at said ends.

Figure 8



4,946,191
MOTOR VEHICLE SEAT WITH A BACK REST AND AIR
BAG ASSEMBLY
Peter-Ulrick Putsch, Roackeshausen, Fed. Rep. of Germany,

sesiguor to Keiper Rocaro GmbH & Co., Fed. Rep. of Ger-
many

Filed Dec. 8, 1968, Ser. No. 281,230

Claims priority, application Fed. Rep. of Germany, Dec. 9,

1967, 3741637 - -
Int. CL3 B6OR 2//18, 21/22

US. Q. 280730 10 Claims -

L. Vehicle seat, particularly a motor vehicle seat for support-

ing a vehicle user, comprising & back rest having a head rest for
supporting oaly 8 back side Of the user’s head, an area support-
ing the shoulders of the user, and having at least one forwardly
projecting side wing in the ares supporting the shoulders of the
seat user but not laterally of the user’s head, wherein the vision
ottheuerisunob-tmcwd,uidtidewinghnvingmupper
surface; said T} wing including @ least one recess positioned
in said upper surface, in which an inflatable air bag is located,
whereby said air bag, in the inflated condition of said air bag,

forms a support laterally sdjacent the hesd of the seat user.

Figure 9

3,703,313
SEAT,ESPECIALLY FOR MOTOR VEHICLES

Gerhard Schiester], Stuttgart, and Hetmat Wulf, Nelliagen,

both of Germany, assignors teo Daimler-Bens Aktien-

geseliachaft, Stuttgart, Germany

Filed Judy 29,1971, Ser. Neo. 167,217

Chaims prierity, application Germaay, July 39. 1970, P 20

3756S.9

Int. Ct. A47c7/36
us.Cl. 297381 5 Claims

A seat, especially for motor vehicles, in which a gas cushion
acting as headrest and sutomaucally inflatable in case of an
accident is arranged at the backrest of the seat; at least one
belt is arranged behind the gas cushion for absorbing the
rebound forces of the head of the passenger impinging against
the gas cushion whereby the belt is arranged, on the one hand,

within the ares of the vehicle roof. and on the other, at the
seat.

Figure 10
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497,517
MOTOR VEHICLE SEAT

Giinter Gmeiner, Sindeifingen; Hermana Moiller, Aldlinges;

Rudolf Asdres, Sindeifingen, and Eberhard Faust, Stuttgart-

Degerioch, all of Fed. Rep. of Gormany, assignors to Daimler-

Beaz Aktiengesellachaft, Fed. Rep. of Germany

Flled Jua. 30, 1962, Ser. No. 393,597

Claims priotity, appilestion Fod. Rep. of Germasy, Jua. 30,

1981, 3125588
Iat. Q1. A4TC 7/02

us. Q. 97—-131 7 Claime

Figure 12

- Active Scat Tilt - Protect-0-Matic Version

11

1. A seat cushion adapted to be concealed within a beckrest
OOO0¢xOm 02 e motor vehicle seat, comprising atleasttwosuper
imposed separately inflatable chamber means for forming a
support for a spinal column of a user of the seat cushion, con-
tinuous connecting rib means extending generally transversely
of the seat cushion between adjoining chamber mesns of said at
least two superimposed chambers, 12id connecting rib means
disposed 50 a3 1o follow an undulating path such that adjoining
walls of adjoining chamber means of said at least two superim-
posed chamber means form an area of tooth-like meshing, said
area being & transition area wherein adjoining chamber meani
of said at least two superimposed chamber means inflated to
a2 0nme hardnesses are less apparent +0 o user supported
thereby.

Figure 13
018

E3



MOVING SEAT ART

INvenTOR

- Hororn Boyias Aewirt

a8

Figure 14



el

£

0o

Seat Design

iproduction seats)

springs seat cover

frame

mounting

soft toam

Ntnte

a
-7 -

steel coil netting
or elast ic belting

trame

mounting

sott toam

sheet metal
pan

tramework
mounting

Type SC

{spring cushioning |

Type SCISF

{steel coil netting or
elastic belting,
with sott tcam )

Type SF

(sott foam on sheet
metal pan)

Figure 15

Seat Design

(tecearn ety

sourt toarm / )/ . C
! s Ypy O
sheet meta: pan T7 oy ¥/ fvoit
I ! T TTSLYY
: - N
Toentang ’\\\‘“:‘_‘_‘::‘“Ji
T T -— —~;L___
4
/
/ /
energy sGtt toum / T c
/ ype EA M
abs 0 . s 7 :
SU;‘.g?Et‘ 1 - ///-/// ‘-el'-‘\,-‘"r]\"c!_j\ ‘rD']‘g
. T Y arbing
WMEU - sl T~ N, Medium - herg )
ener (g, !';,‘ ;_'A q‘
eheoi bt . -
Sh’;":“;rn{tt J elvel '3'{;‘ _|, {n %}
trtt ) 5



SBS safety features

All belt anchorage points

move with the seat

- optimum belt geometry in
all seat positions

Automatic height adjustment

of head restraint and seat

belt outlet

- eliminates incorrect
adjustment

Clamping device at belt

outlet

- reduces occupant forward
displacement

Defined energy absorption
- minimizes occupant load

High-strenght frame structure

- improves protection in side

impacts and rear end
collisions

Seat shell with integrated
ramp

= prevents "submarining"

Figure 16
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There are, however, other means for designing seats for controlling submarining. Seats
with contoured stiffness to resist forward pelvic motion have been advertised by VW and
Volvo for a number of years. A 1979 paper by Adomeit shows the concept, as does Figure
15.

Recent Developments

In recent years, research has rediscovered the integrated seat. Daimler Benz and BMW
both offer integrated seats in production cars. In the case of Mercedes Benz, the integrated
seat solves unfavorable belt geometry problems which exist in a convertible.

The BMW seat is described in a paper by Haberl (89). The design and features are
summarized in Figure 16. Test results produced dramatic injury reductions, ranging from
25% to 57% in HIC, Chest G’s, and shoulder belt loads, when compared to baseline 50 kph
tests. Test results are reported for a 50% and a 95% dummy. A particularly interesting
feature of the seat design is the force limiting feature, which is reported to be accomplished
by deformation of the seat back at high belt loads.

At the 1991 ESV Conference, Renault contributed a summary of their recent research on
a seat with an integral belt restraint (Foret-Bruno, 1991). In this paper, the authors desire
to strengthen the seat for an integrated restraint without increasing the risk of cervical injury
in rear impacts. A previous Renault Paper (Thomas 1982) had postulated that seat
breakage was more effective than a head restraint. In the 1982 paper, the head restraint
effectiveness was found to be less than 10%. In the 1991 paper, the effectiveness was found
to be 33%. The effectiveness was found to increase as seats became stronger and broke at
higher forces. Based on testing with dummies and one cadaver, the authors recommended
head rest specifications. They state that the head rest, when placed against the back of the
head, should withstand the following: longitudinal force of 187 Ibs; vertical force of 56 lbs.;
torque of 620 in-1b. The authors state that better overall protection should result from the
integrated seat.

Several recent papers from Collision Safety Engineering, Inc. provide useful data,
references, and technical arguments for the status quo. Strother (87) provides a summary of
seat performance in rear impact tests. The resulting tables are reproduced in Appendix B.
Warner (91) presents data on the static tests of seats for cars ranging from model year 1964
through 1988. This data is also included in Appendix B. Strother (91) presents an analysis
of field accident studies and sled tests to show that injuries addressed by stiffening the
seatback are a minimal portion of the total injuries. These three papers provide well
articulated, legal defense positions for not increasing seatback stiffness. They argue that

" 0272
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increasing seatback stiffness would increase injury exposure due to ramping, rebound,
out-of-position occupants, flailing of lower extremities, and non-contact injuries.

At the February, 1992, SAE Annual Meeting, four automotive seat manufacturers
displayed integrated seat concepts. These concept seats are shown in Figures 17 through 20.
Figure 17 is the integrated seat by Bertrand Fauer. This company also produces the
integrated seat now in use by BMW. Representatives stated that in Europe, all
manufacturers are moving to place both lower belt anchorages on the seat. The next logical
step is the integrated seat. Figure 18 is the seat shown by Johnson Controls. Technical data
indicated its weight at 42.6 1bs. It is designed for a 3200 1b upper belt load. Seats by Lear
and by Douglas & Lomason Company are shown in Figures 19 and 20. No technical data
was available for these integrated seats.

Summary

It is evident from the history of seating designed to improve safety that very creative ideas
have been considered. The focus on the air bag and passive restraints during the 70’s and
80’s may have delayed the implementation of the early ideas for seating design. However, it
now appears that several technologies are about to emerge. First, the integration of the
lower inboard anchorage point with the seat is becoming a standard practice. Second, the
lower outboard anchorage point is also being located on the seat in newer cars. Third, the
upper anchorage point is being integrated into the seat and/or head rest on some Mercedes’
and BMW’s. Renault indicates that it is doing research to follow this European lead.
Fourth, rear seat air bags are being developed by Breed. These bags would most likely
deploy from the back of the front seat. Finally, automotive seat manufacturers are actively
developing integrated seats as new products.

The last three items in the above list which are being developed will require stronger
seats. Data from Warner shows that seat strength has not changed significantly in the past
20 years. The concerns of neck loading, ramping, out-of-position occupants, limb flailing,
and rebound will have to be addressed for these stronger seats. The neck problems will
demand adequate head restraints. The rebound problems appear to be associated with the
storage and release of excessive elastic energy in the seat and inadequate performance of
existing belt systems.

The rebound problem need not be addressed in terms of existing belt restraint, but rather
in terms of an integrated belt restraint. If the seat is to be strengthened, an integrated
restraint should be part of the equation. For an integrated seat and restraint system, the

“" 023
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optimum loading for both the occupant and the seat back is likely to be a symmetric belt
system such as that suggested in 1903 by Levau (see Figure 1). However, even the
conventional three point system could be greatly improved. Many innovations of the
integrated belt system, such as force limiting, automatic size adjustment, reduced slack, and
improved fit (all reported by BMW), are already available. Some of these innovations
would also improve belt performance in rollover.

A number of exciting technical possibilities exist for improving occupant safety in all crash
modes by seat/restraint design. It is suggested that continued experimental research to
evaluate improved seat/restraint designs and to assess potential benefits is worthwhile.

- 026
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ACCIDENT ANALYSIS

In February 1990, Malliaris (Data Link) produced a report for NHTSA, “Current Issues of
Occupant Protection in Car Rear Impacts”. The report provides an analysis of FARS, NASS,
and Polk data up to 1986, relative to rear impact.

The car exposure and casualties for rear impacts, as a percentage of all events for the
combined years 1981-1986 are shown in Figure 21. The figure shows that rear impacts
constitute approximately 11% of all NASS reported car crashes, but involve only 5% of the
fatalities. Among occupants involved in crashes, 12% are in rear crashes, but 23% of those
injured are in rear crashes. However, occupants with serious injuries in rear crashes
constitute only 7.6% and 3.5% of all serious and fatal injuries, respectively.

It is evident from these figures that rear impacts cause a disproportionate number of
minor injuries. However, only a very small fraction of serious and fatal injuries occur in rear
impacts.

In spite of the small numbers, it is desirable to further reduce rear impact casualties
where practicable. In order to examine the sources of rear impact injuries, the concept of
Harm is useful. Malliaris evaluated the distribution of Harm in rear impacts according to
injury source. He further separated occupants by restraint use. Figure 22 shows the Harm
to restrained occupants; around 20% of the Harm is from unknown sources, illustrating the
difficulty in assigning causes of injuries, and noncontact injuries are the cause of another
25% of the Harm. Among contact injuries, the head restraint is the largest source of Harm
(17%), closely followed by frontal parts of the car (16%).

The 16% of the Harm caused by frontal elements, such as steering wheels, dashboards,
and windshields, may be partially explained by multiple impacts, including those producing
frontal deceleration. However, Malliaris also examined the first and second most severe
injuries to all occupants involved in single event rear impact crashes. He found that 13% of
the most severe injury and 30% of the second most severe injury were from frontal
components in the car. The cause of these injuries cannot be determined from the data
presented. Potential causes of injuries from frontal components could be:

1. Subsequent non-impact decelerations (a rear impact accelerates a vehicle forward,

and a resulting rearward acceleration is inevitable)

2. Energy released from elastic deformation of the seat

w

Flailing of the upper and lower extremities as the occupant moves rearward
4. Vertical acceleration components which may throw the occupant upward into the

- 027
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In subsequent discussions, all of these factors will be referred to as "rebound". Further
research will be required to quantify the extent and presence of the different components
which constitute the rebound phenomena, as defined above.

The side interior is the third largest source of contact Harm to restrained occupants in
rear crashes. These components constitute 13% of the Harm. Improvement in the restraint
capability offered by the seat is a possible countermeasure. Improved interior padding may
also contribute to the reduction of this category of injury causation.

The seat back is assigned 5% of the Harm. This appears to be a relatively small amount
in view of virtually assured contact with the seat back in a rear collision. However, the
contact injuries with the seat back do not necessarily reflect the performance of the seat as
an occupant restraint/protection system. Deflection of the seat back could permit the
occupant to ramp up the back, exposing him to impact with the roof or a hard structure in
the rear of the car. The performance of seats will be discussed later in the section on
Investigation of Hard Copy Cases.

Among other sources of injury, the roof was the largest at 3.6%. Rear components were
assigned only 0.1% of the Harm. Based on these distributions, impacts with rear
components caused negligible Harm in 1979-86 NASS cases for restrained occupants.
Contacts with the roof produce a relatively small amount of Harm, when compared with
front and side components in the vehicle.

Malliaris did not separate contact Harm by body region. However, he did examine the
Harm caused by noncontact injuries. The result is shown in Figure 23. He found that 82%
of the noncontact Harm was to the neck. This data suggests that at least 20% of all rear
impact Harm to restrained occupants is to the neck. In his 1985 SAE paper, Malliaris found
that for all occupants and all crash directions, about 9% of Harm is to the neck. This
difference suggests the need for continued improvements in neck injury protection in rear
impacts. The presence of head restraints as the largest source of contact Harm and the
large fraction of neck noncontnct Harm, suggest that there are opportunities in head
restraint design which will produce additional head/neck protection.

INVESTIGATION OF HARD COPY CASES

In order to further evaluate how injuries occur in rear crashes, hard copy cases from the
NASS 1988-90 files were reviewed. The purpose of the review was as follows:
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. To evaluate the contribution of seat back deformation in producing injuries.

. To evaluate the injuries to front seat occupants produced by the seat’s locks, latches,
and tracks

. To evaluate the presence of injuries resulting from the occupant ramping up a seat
back which is deflected rearward

. To evaluate the presence of injuries resulting from rebound from the seat

. To evaluate the injuries to rear seat occupants produced by the seat’s rearward
deflection

. Torecord vehicle make, model, and Av; to document injury severity, body region,
and source for all occupants; to classify injury by direct or indirect; to sketch accident
diagram and extent of seat permanent deformation; to record seat failures and the
extent of aft intrusion

Three sets of cases were reviewed. Initially, eighteen cases with rear Av in the 30-39 mph
range were reviewed. A second set of cases involved 31 cases selected for AIS 2+ injuries
or seat deformation. The third set involved six selected frontal cases with seat deformation.

The case summaries for the eighteen 30-39 mph rear impacts are included in Appendix
C, and relevant data for the front seat occupants in these cases is summarized in Table 1. A
separate section will deal with rear seat occupants.

Eighteen 30 - 39 mph Av Cases of Rear Impacts - NASS 1988 - 90

This review encompasses all cases in 1988-90 NASS with rear Av 30 -39 MPH. Although
a small number of cases are present, all the events in the selected severity range are
included. However, the unweighted NASS data are only anecdotal evidence. The
nationally-weighted data would be needed for any generalizations to national experience.
An analysis of the distribution of these cases is presented separately from the other cases
investigated. The selection process for the other cases was based on outcome injury severity
rather than crash severity, so they are not representative of all crash events in the United
States.

Of the eighteen cars involved, three had a front bench seat.
Two cars burned following the crash event - one occupant died in the fire.
Nine of the eighteen cases involved multiple impacts.

Twenty-nine occupants were involved in the eighteen cases, of which nineteen were
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Table 1

REAR | MPACTS - NASS 1988 - 1990 - DELTA V 30 - 39 MPH

CASE ~ DELTA DMPACT SEAT REST. SEAT SEAT YI ELD- A1S | NJURY SOURCE BRAMPING SEAT DEF INTRUS. REBOUND
Vv P0S. USE TYPE PERF DEGREES OR NONDEF (AFT)
CONTRI TO
SEATS WTH NO FAI LURE I NJURY
90-47-100 31 . D 23; YES 2 1 0 1 BACK STRAIN I¥PACTFORCE  NO NO  22-37 NO
89-46-070 33 ¥ D(37) YES 2 1 0 2 CONCUSSI ON STEERING WHL ~ NO NO G40 POSSI BLE
2 NECK, FRACTURE NONCONTACT NO NO
90-45-232 39 ¥ D(30) YES 2 1 2 2 CONTUS, HEAD STEERING WHL NO NO  33-10 POSSI BLE
SEATS TEAT DEFORMED
90-09- 067 30 S D(22) YES 2 5 15 0  REFUSELCTREATMENT NO NO  5-44 NO
88-44-113 30 S D(19) YES 2 3 30 1 LACER CONTUS STR VHL FLY GLS NO NO  3-42 YES
P(31) YES 2 3 30 2 CONTUS, KIDNEY BROOM STICK NO NO
88-43-002 30 ¥ D(22) YES 2 3 45 1 MINORCONTUS STR WHL NO NO 0-35 POSSI BLE
P(31) YES 2 3 30 2 CONTUS,FACE UNKNOWN UNK  UNK UNKNOWN
89-45-121 30 ¥ D(37) NO 2 3%4 40 1 LACER CQONTUS STR WHL WWDSHLD No NO  26-5 PGSSI BLE
K 90-47-100 31 L. P(32) YES 2 5 35 1 MINORCONTUS SEAT BK SUNVIS NO NO  22-37 POSSI BLE
88-71-042 32 ¥ S 49( YES ) 2 345 45 2  CONTWSION, HD HEADREST NO NO  28-18 NO
UNBKL
88-49-035 32 S D(27) YES 1 5 45 2 LACER,ABDOM SEAT BACK UNEN  UNKN 046  NO
7 BLUNTTRATMA SEAT BELT UNKEN  UNKN POSSIBLE
2 CONCUSSI ON REAR HEADER P0SS  POSSIBLE NO
89-78-094 32 S D(21) YES 2 546 45 1 LACER QONTUS "A"&"B"PI LLAR NO NO  20-4  POSSIBLE
P(35) YES 2 546 30 0 -
90-73-067 32 ¥ D(35) NO 1 6 0 3 FRACTURE,CHEST STEERINGWHL  NO UNKN 32-12 POSSI BLE
88-47-222 35 S D(33) NO 2 5 45 1 LACERATI ON, FACE MIRROR NO NO  55-1 YES
89-12-091 35 S D(62) NO 7 2&5 50 3 CONTUS,CHEST UNKN UNKN  UNKN  50-2 UNKN
2 FRAC-RIB,CLAVIC LT ARM REST NO NO NO
2 FRACT, SHOULDER UNKNOMN UNKN  UNKN UNKN
P(54) NO 7 245 50 1 CONTUS STRAIN  HDRST SEAT BK NGO NO NO
88-80-026 35 ¥ D(27) YES 2 5 45 1 COONTUS STRAIN  STR VWL BLT [P NO NO  35-26 YES
90-02- 062 35 S D(75) NO 5 5 UNKN 6  BURNS NO NO  12-56 UNKN
89-77-160 36 S D(19) YES 1 5 70 1 OONTUS CONSUSS HDREST | P NO NO  34-0 YES
90-07-134 37 S D(20) NO 6 g 28 1 CONTUSI ON, CHEST STERRING WHL NO NO  35-11 YES
P(9) NO 6 0 - -
088-45- 262 38 M D 24)1 NO 2 5 30 [ FRACTURE,PELVIS UNEN UNKN  UNKN 34-5 UNKN
(~90-45-232 39 . P(29) YES 2 1 20 1 FACE, LACER ABRAS HDRST FLYGLS N0 NO  33-10 NO
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TAELE 1 - NOTES

I MPCT -— & SINGLE M MULTIPLE

SEAT POSITION - D DRIVER{AGE)

P RIGHT FROWNT(AGE)

INTRUST ON FROM AFT - INCHES CRUSH - LEFT CORNER AND RIGHT CORNER

Seat Performance

(0) No seat

(1) No seat performance failure(s)

(2) Seat adjusters failed

(3) Seat back folding locks failed

(4) Seat tracks/anchors failed

(5) Deformed by impact of occupant

(6) Deformed by passenger compartment
intrusion (specify):

27

Seat Type

(00) No seat

(01) Bucket

(02} Bucket with folding back

(03) Bench

(04) Bench with separate back cushions.

{05) Bench with folding back(r)

(06) Split bench with separste® back cushions
(07) Split bench with folding back(s)



restrained; however, two belt systems released during the crash event - one broke and the
other was not properly latched. Out of 25 occupied front seats, 22 yielded.

Eleven of the twenty-five front seat occupants suffered injuries from contacts in the
frontal direction. Two of these frontal injury cases involved only rearward crash forces.

The most frequently injured body part was the head and face; the highest severity
injuries were inflicted to the head and chest. The most frequently recorded probable source
of injury was the steering wheel (9), followed by the seat back (8), headrest (5), and flying
glass (4); however, the number of noncontact injuries was equal to the number of injuries
caused by the steering wheel.

In this small sample, the rate for AIS 2 and greater injuries for restrained occupants is
26%, while the injury rate for unrestrained occupants is 50%.

The distribution of injuries based on the maximum AIS was as follows:

Front Rear
Cccupant s Cccupant s

AIs 0 3 1
AIs | 12 3
AIS ? 6
AIs 3 2
AIs 4-5 0
AIS 6 1 (BURN)
AIS 7 1

One vehicle was involved in two rear impacts in the same crash event (Case 90-47-100).

Case 90-47-100 also had a driver seat which did not yield and a passenger seat which
yielded 35 degrees (as estimated from the available photograph). Both front seat
passengers received AlIS 1 maximum injuries. Both received back strain injuries from the
impact. The passenger received a face contusion from the sun visor, probably in rebound.
Rebound appears to occur even in seats which yield.

Case 90-47-100 also had two rear seat occupants. The one behind the the yielding seat
received AlS 1 abrasions to the leg and knee from the seat back. The one behind the
non-yielding seat received an AIS 1facial fracture from the back of the front seat.

" 03/
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Ramping of the occupants was difficult to identify. It was not positively observed in any of
the cases. It was not relevant to injuries in twenty-one of twenty-nine occupant cases. One
AIS 2 head injury (Case 88-49-035) (AIS 2) involved contact with the rear header. Ramping
may have contributed to the head injury from the rear header and an associated AIS 2
abdominal laceration from the seat belt. For this case, the seat’s permanent deflection was
45 degrees, and the rear intrusion was 46 inches.

Seat deformation performance may have contributed to two of the occupant injuries. In
addition to the case cited above, Case 89-78-094 may have seat related AIS 1 level
contusions and lacerations. However, rebound impact may also have caused some of the
injuries in this case.

Rebound may have contributed to injuries in twelve of the twenty-five cases. In five
cases, rebound was definitely involved. In many cases, a frontal impact followed the rear
impact, thereby adding to the rebound velocity. The earlier reported finding that the
steering wheel is the most frequent cause of injury is consistent with the rebound
phenomena observed. Most rebound injuries were minor. However, one AIS 3 chest injury
may have been aggravated by rebound (90-73-067). This case also had multiple impacts.

In this limited number of severe rear impact cases, ramping could not be positively
identified as contributing to any injuries. It may have contributed to injury in one case. Seat
deformation performance may have contributed to one AIS 1and one AIS 2 injury.
However, rebound related injuries were possible in five cases, and probable in seven
additional cases. Among these twelve injuries, eight were AIS 1, two were AIS 2, one was
AIS 3, and one was an injury of unknown severity.

Thirty-One Selected Injury Producing Rear Impact Cases - NASS 1988

An additional thirty-one cases were selected for hard copy review. These cases had two
selection criteria. First, cases with Av greater than 40 mph were included. This produced
two fatal cases. A second group contained restrained occupants with injuries of AIS 2+ or
in vehicles with seats deformed by impact of the occupant. The additional case summaries
are included in Appendix D.

Table 2 provides a summary of the seat performance for all 49 cases of the rear impact
investigated. These 49 cases involve 72 front seat occupants and 26 unoccupied seats.

The following is a summary of the seat performance data of occupied front seats

presented in Table 2. The summary contains the number of times each specific seat
“
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performance category was assigned to each seat type.

SEAT PERFORMANCE CATEGORY

SEAT TOTAL
TYPE 1* 2 3 4 5 6 7
01+ 1 8 1 1 11
02 20 1 12 2 19 2 55
04 1 1
05 1 1 2
06 1 5
07 2 2 2 b
ALL 25 3 13 2 34 3 1 81
o See Legend Bel ow Seat Type Seat Performances
(00) No seat (0) Noscat
(01) Bucket (1) No seat performance failure(s)
(02) Bucket with folding back (2) Seat adjusters failed
(03) Bench (3) Scat back folding locks failed
(04) Bench with separate back cushions (4) Seat tracks/Anchors failed
(05) Bench with folding back(s) (5) Deformed by impact of occupant
(06) Split bench with separate back cushions (6) Deformed by passenger compartment intrusion
(07) Split bench with folding back(s) (7) Seat back reclining mechanicsm failed

Nine seats received multiple (two) types of damage. Therefore, there are 81 instances of
damage, or non-damage, for the 72 occupied seats. Bucket seats with a folding back lock
were the most predominate seats in the cases reviewed, followed by bucket seats. There
were 26 unoccupied front seats in the cases reviewed. Four of these seats received damage;
three from intrusion, and one coded "seat back folding locks failed".

The predominate mode of damage was seat deformation by the occupant, followed by
seat back folding lock failure. Three cases of seat adjuster failure were noted. All were
associated with seats deformed by occupant impact. Two of the occupants involved had AIS
1 injuries. In the other case, the principal injury was an AIS 3 chest injury of unknown
cause. Improved seat restraint might have mitigated this injury, but the the evidence is
uncertain. No AIS 2+ injuries from seat adjuster failure could be positively identified from
the rear impact cases examined.

Fourteen cases of folding lock failures were reported. Among these cases, five occupants

may have had injuries at the AIS 2 level which were exacerbated by the reported lock
failure. The relevant cases are 90-76-019P, 88-50-040D &P, 00-43-002P, and 88-71-042D

03¢
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CASE

NO.

88-45-055

?28-9-158

90-76-0 19

90-71-203

88-72-040

88-10-092

90-80-063

90-12-191

89-41-008

90-12-129

90-45-24 1

8&- 10-066

90-12-076

90-12-192

Table 2

SEAT PERFORMANCE - FRONT SEATS

REAR IMPACTS - 49 CASES

DELTA SEAT
\Y POS.
8 D

PCW
9 D
PCW
9 D
P
11 D
P
12 D
PCL
14 D
p
14 D
P
14 D
P
15 D
P
15 D
PCW
16 D
PCWw
16 D
P
16 D
P
16 D
P{U
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CASE DELTA SEAT SEAT

\ POS. TYPE
88-44-1 13 30 D 2
P 2
83-43-002 30 D 2
P 2
89-45-121 30 D 2
PCLD 2
90-47-100 31 D 2
P 2
88-71-042 32 D 2
PO 2
88-49-035 32 D |
Pi O |
89-78-094 32 D 2
P 2
90-73-067 32 D |
PCW |
89-46-070 33 D 2
PCU 2
88-47-222 35 D 2
P 2
89-12-091 35 D 7
P 7
88-80-026 35 D 2
P U 2
90-2-062 35 D 5
P 5
89~-77-160 36 D !
P{U |
90-7-134 37 D 6
P 6
88-45-262 38 D 2
FCW 2
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CASE DELTA SEAT SEAT
NO. W FOs. TYPE
oa-45-232 35 D 2

P 2
85-45-1823 4% D 2

F 2
g8-1a-168 4 8 D 2

P{LD 2
D - Driwver

P - Ri ght Fr on t Passenger

SEAT YIELD - AIS
PERF. DEGREES
1 a z
1 28 1
1 38 1
1 8 2(3)
1 D SC2D
1

(U - Unoccupied

(1> -Burned - Unable to determine yield.
(2> - Fractured pelvis

(3> - Fatal i ty.

(a? - Seat back reclining locke failed.

Sest Type Sest Performance
(00) No seat

(01) Bucket

(02) Bucket with folding back

(03) Bench

(04) Bench with separate back cushions

{05) Bench with folding back(r)

(06) Split bench with separste back cushions
(07) Split bench with folding back(s)

34

(0) No seat

(1) No seat performance fallure(s)

(2) Seat adjusters falled

(3) Seat back folding locks falled

(4) Seat tracks/anchors failed

(5) Deformed by Impact of occupant

(6) Doformed by passenger compartment
intrusion (specify):

= 040



__ad

(D-Driver, P-Right Front Passenger). In four of five cases, the source of the AIS 2 injury is
unknown. Consequently, the evidence of seat lock failure contribution to injury is obscure.

Two cases of seat anchorage failures were reported. The maximum injury for the
occupants in both of these cases was AIS 1. Seat anchorage failures were not associated
with any serious rear impact injuries.

The performance of seats with regard to ramping, deformation, and rebound is
summarized in Tables 3 and 4. In these Tables, only injuries of AIS 2 and greater were
considered in the analysis. For completeness, data from the eighteen cases (Av 30-39) were
also included, provided the injury to the occupant was AIS 2 or greater. Of the 72 front seat
occupants in 49 cases, only 35 occupants met the criteria for inclusion in the analysis
presented in Tables 3 and 4.

The analysis separates the data into two groups: Table 3 - no seat yielding; and Table 4 -
cases with permanent seat back yielding.

In cases with no permanent seat back yielding, all but one of the 17 occupants was
restrained. No injuries were identified which resulted from ramping or seat related
deformation. However, frontal injuries were present in eight of the cases. This suggests the
presence of "rebound” phenomena, as previously defined. In most cases it is the result of a
subsequent frontal collision.

In cases with permanent deformation, 16 of the 18 occupants were restrained. Seat
deformation may have contributed to 3 of the injuries, and ramping may have contributed to
one. However, rebound is also frequently present. Seven of the 16 occupants had injuries
from frontal sources. Four of the cases were single event rear impacts.

For both sets of data, 15 of 35 occupants had injuries from frontal components. These
results suggest that "rebound" exists in present seat designs, whether they deform or not.
Further, rebound injuries are more frequent than those associated with seat deformation.
This result is consistent with the earlier finding by Malliaris, which showed that 16% of
Harm in rear crashes is from frontal components of the vehicle. This compares with 0.1% of
the Harm from rear components of the vehicle.

Analysis of Rear Seat Occupants

There were eight cases in which vehicles contained rear seat occupants. A summary of
these cases is contained in Appendix E. Some minor AIS 1injuries could be attributed to

" 041
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Table 3
CASES | N va1ca THERE WAS NO SEAT FAILURES AND TEE O0CCUPANT | NJURY
VEASURE WAS AIS 2 OR GREATER
CASES DELTA IMPACT BEST. SEAT AIS | NJURY SOURCE | NTRUSI ON RAMPING
USE POS FROM AFT

88- 45- 055 8 s Y D 3  CONCUSSION UNKNOWN 71 UNKNOWN
90- 09- 158 9 Y D 2  CONCUSSI ON SUNVISOR (R?) 0 NO
88-10-092 14 M Y D 3 KNEE, LACERATI ON | NST PANEL(R?)  6-5 NO

90- 80- 063 14 Y P 2 CONCUSSI ON UNKNOW 2.3 UNKNOWN
89-41-008 15 X Y P 2 R B FRACTURE SEAT BELT(R?) | -19 NO
88-77-079 17 S Y D 2 CONCUSSI ON UNKNOW 6-4 UNKNOWN
88-47-225 19 S Y D 2 HEAD LACERATI ON "8" Pl LLAR 18-3

%0- 77- 1)51 20 M Y D 2 CONCUSSI ON HEADREST 2-33 NO

BENCH

88-45-009 20 | Y D 2 CONCUSSI ON STRVHL(R?) 12-18 NO
88-72-159 24 Y D 2  CONCUSSI ON UNKNOWN 75-22 UNKNOWN
89-11-141 25 | Y D 2 CONCUSSI ON STRWHL(R?P 26-44 NO
88-80-033 28 i Y D 3 BURNS BATTERY ACID 24-00 NO
88-41-073 28 i Y D 3 CHEST FRCTURE SEAT BELT(R?) 4-43 NO

89- 46- 070 33 Y D 2 CONCUSSI ON STRWHL (R?) 040 NO

2 NECK, FRACTURE NONCONTACT
90- 45- 232 39 M Y D 2 CONTUS, HEAD STRVHL(R?) 33-10 NO
88-45-103 42 S Y P 2 NEAK FRAC FATAL NONCONTACT 25-41 NO
88-10-160 48 s N D 5  CONCUSSI ON UNKNOWN 41-41 UNKNOWN
FATAL BURNS

| MPACT - S SINGLE - M MULTI PLE

gR?)l_ - POSS| BLE REBOUND | NTRUSI ON FROM CRUSH - LEFT C CORNER
RESTRAINT USE - Y YES - N NO EAT P

OS - D DRIVER - R RIGHT FRONT

e
N
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TABLE 3 - NOTES
IMPACT — S SINGLE M MULTIPLE
SEAT POSI TION — D DRIVER (AGE) P RI GHT FRONT (AGE)
| NTRUSI ON FORM AFT — I NCHES CRUSH — LEFT CORNER AND RI GHT CORNER

Seat Performnce Seat Type
0) No seat . 00) No seat
1) No seat performance failure(s) 01) Bucket .
2) Seat adjusters failed . 02) Bucket with folding back
3) Seat back folding |ocks failed 03) Bench .
4) Seat tracks/anchorsf ail ed 04) Bench with se?ar ate back cushions
5) Deformed by inpact of occupant 05) Bench with folding back(s) .
6) Deformed by passenger conpartnent 06) Split bench wWith Separate bhack cushions
intrusion “(specify): 07) Split bench with fol di ng back(s)
£
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Table 4
CASES IN M CE THE SEAT YI ELDED AND THE OCCUPANT | NJURY MEASURE WAS AIS 2 OR GREATER
CASES DELTA DMPACT BEST. SEAT AIS INJURY SOURCE INTRUSSION Y| ELD RANPING SEAT DEFORY
V USE POS. FROM AFT ANGLE OR NONDEFOY
CONTRI BUTES
T0 INJURY
90- 76- 019 9 S Y P 2 SHOULD DI SLOC UNKNOWN 0-4 10-20 UNKNOWN UNKNOWN
88- 72- 040 12 S L O(%[ELY) D 2 CONCUSSI ON WINDSHLD (R) 2-2 10 NO NO
90-12-191 14 S Y D 2 LEG CONTUSI ON I NSTR PNL(R 12-0 45 UNKNOWN POSSI BLE
90- 45- 241 16 X Y D 2 FRACT CLAVI CLE SEAT BLT(R: 014 NO NO
88-10- 066 16 S Y D 2 CONCUSSI ON SEAT BA 012 26 NO UNKNOWN
90-12-076 16 S Y D 2 CONCUS HEAD "B" Pl LLAR 18-0 25 NO UNKNOWN
CONTUS SHOUL
v 90-09- 056 17 X Y D 2 CHEST FRAC STRWHL (R?) 19-0 30 NO NO
o 88-81-018 17 S Y D 2 KNEE,LG CONTU I NSTRPNL(R)  17-0 35 UNKNOWN POSSI BLE
88-90-110 25 ¥ Y D 2 CONCUSSI ON STRVWHL(R?) 27-8 40 NO NO
88-50- 040 25 S Y D 2 CONCUSSI ON UNKNOMN 19- 22-15 60 UNKNOWN UNKNOWN
P 2 CONSUSSI ON UNKNOWN 60 UNKNOWN UNKNOWN
2 LACER FACE UNKNOWN UNKNOWN UNKNOWN
88-41-073 28 S Y D 2 CONCUSSI ON UNKNOVWN 4-43 <10 UNKNOWN UNKNOWN
88- 43-002 30 S Y P 2 LACER FACE UNKNOWN 0-35 45 UNKNOVWN UNKNOWN
88- 44-113 30 S Y P 2 CONTUS, KI DNEY BR0OOM STICK 3-42 30 NO NO
88-71- 042 32 M Y D 2 CONTUS, HD HEADREST 28- 28 45 NO NO
(UNBUCKLED)
89- 49- 035 32 S Y D 2 LACER, ABDMN SEAT BACK 046 45 UNKNOWN UNKNOWN
7 BLUNTTRAMA  SEATBLT(R?) UNKNOWN UNKNOVN
2 CONCUSSI ON REAR HEADER PCSSI BLE POSS| BLE
g-12- 091 35 S Y D 3 CONTUS, CHEST UNKNOWN 50- 2 50 UNKNONX UNKNOWN
™0- 92- 062 35 S N D 6 BURNS 12- 56 UNKN NO NO
88- 45- 262 38 S N D 7 PELVI S, FRACT UNKNOWN 34-5 30 UNKNOWN UNKNOWN
IMPACT - S SI NGLE - ¥ MULTI PLE (R?) POSSI BLE REBOUND (R) - REBOUND RESTRAINT USE - Y YES N NO
ESEAT POS- D DRIVER P PASSENGER | NTRuSION FROM AFT - | NCHES CRUSH - LT. CORNER AND RT. CORNER
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the front seat deformation. However, it is not possible from the data to assess the degree to

which front seat deformation contributes to the injuries of rear seat occupants.
Six Selected Frontal Impacts

These six cases involve three seats which are reported to have track/anchorage failures,
two which deformed under occupant loading and one which moved forward under impact.
The cases are summarized in Appendix F.

For the seats which were deformed by occupant impact, no contribution of the seat to the
injury was evident. However, for the seat that moved forward during a frontal impact and
the three track/anchorage failures, seat contribution to the injury severity is possible. In all
of these cases, occupants experienced injuries higher than expected for the crash severity.
The higher injuries were consistent with those expected from undesirable seat loading of the
occupant.

OTHER STANDARDS FOR SEAT STRENGTH

The history of FMVSS developments for seats is summarized by Warner (91) and will not
be repeated here. It is evident that other countries generally followed the U.S. standards. A
comparison of the strength requirements for various countries is summarized in Table 5. All
require 20 g empty seat strength.

The 20 g peak acceleration is typical for passenger car structures in frontal barrier crashes
at speeds of 30 mph. However, vans and small front wheel drive cars frequently experience
higher occupant compartment G’s than that of most passenger cars. In addition, recently
designed anti-submarining seats, such as those shown in Figure 15, result in significant
occupant loading being transferred to the seat. Finally, the incorporation of belt anchorages
on the seat structure requires much higher loadings than currently addressed by the seating
standard.
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Summary Comparison of U. S .
Other Country’ s

Table 5

les t Moment on

and
Seating Strength Requirenents

i Test Forece on )7 ! Test Force on
Country | Seating System | Sea ting Reference Pt. | Seat Back Lock
v CLGL of Seat ' (Per Designated Occ.); C.G.-Seat Back
. \ ) |
Ug.8.A. ! 20g 3,300 in-1b o 20g -
Canada | 20g 3,300 in-1b bo20g
ECE " \ \
Reg. #17 | 20g V4, 690 in-1b 1 20g
Rev. 3 | v (53 dalNm) [
| ! :
Japan | 20g 13, 300 in-Ib (Approx. )| 20g
______ I | (33 Kg-m 225 "
' |
Sweden | 2 0¢ 1 3, 300 in-1L (Appr ox. 20g
i (58K -m) '
Prazil | 20g 13 .300 in-1b | 20g
] ] |
] ] [}
............. s________ﬁ_______}_-____.,~_w___________1___,____~h______
Australia 20g f 3,300 in-1b f 20g

¥ Sweden and Australia use ECE Regul ation
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FILM ANALYSIS

In order to further investigate the performance of seats in rear impacts, preliminary film
analyses of rear impact tests conducted under FMVSS 301 were undertaken. Five test films
were reviewed. In four of the tests, the seat was permanently deformed. In one test, of a
Honda Accord, no permanent seat deformation was noted. This test was subjected to film
analysis to determine the rebound velocity of the occupant. It was found that the seat
underwent extensive elastic deformation. The dummy head nearly disappeared below the
rear window sill during the impact. The elastic energy of the seat was then transferred to
the dummy as rebound velocity. Film analysis indicates a rebound velocity of about 11 mph.

Additional film analysis and case studies are required to draw definite conclusions on the
rebound performance of existing seats. However, this limited analysis and the "rebound"
frequency found in the accident data suggests the need for further investigations.

CONCLUSIONS

This preliminary analysis suggests that improvements in seat performance is a more
complex matter than simply increasing the strength of the seat back. Legitimate concerns
exist over the potential increase in neck injuries and rebound injuries which might
accompany strengthened seats.

Harm analysis by Malliaris provides insights of injury frequency and severity in rear
impacts. His analysis shows that noncontact neck injuries constitute more than 20% of the
Harm to restrained occupants. The head restraint is the largest source of contact Harm
(17%). The role of head restraints in noncontact neck injuries and contact head injuries
needs to be studied in conjunction with any seating system modifications.

Foret-Bruno (91) found a significant increase in head restraint effectiveness as seat back
strength in Renault cars was increased to meet the EEC standard. He suggested that the
lower-strength, prestandard seats deformed at a force level below that which induces
noncontact neck injury. He concludes that strengthened seats are likely to increase the
demand on head restraints to mitigate the neck injury risks.

Our data analysis did not permit the quantification of neck injury risks for deformed
versus nondeformed seats. In the accident cases we analyzed, we found three noncontact
neck fractures in seats which did not deform. No noncontact neck fractures were observed

. 047

in seats which deformed.
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"Rebound" type injuries occur frequently in crashes which involve rear impacts. Malliaris
found that 16% of the Harm in rear impact NASS cases was from frontal contacts. In many
of the cases, the rear impact is followed by a frontal impact, either in a line of stopped
traffic, or by being accelerated into a fixed object. In these cases, and in cases where no
subsequent impact occurs, injuries from impact with frontal components of the vehicle are
frequently observed. For the data set of AIS 2+ injuries in selected rear impacts, injuries
from frontal components were believed to be present in 15 of 35 occupants. It is not
possible to determine how many of these injuries were related to the elastic response of the
seat, or from other phenomena. However, some seat induced rebound phenomena can be
observed in FMVSS 301 rear impact tests. It is evident that the rebound phenomena needs
to be researched in conjunction with future seat improvements.

RECOMMENDATIONS FOR DATA COLLECTION REFINEMENTS

As a result of reviewing hard copy cases, we believe that some additional data collection
elements should be considered for future crash investigations.

A recorded measurement of seat back angle and direction of damage would be most
helpful. The accident investigator could accomplish this much more accurately than is
possible from photographs in the accident file. In addition, photographs specifically taken
to document the distorted back angle of the seat would be helpful. In some cases, existing
photographs show seats which are displaced rearward, but with the seat performance coded
"no failure". In some cases, the seat position may have been changed post accident to aid
occupant extraction. A notation to explain differences between coded data and
photographs would be useful.

A more explicit coding of the nature of back damage should be considered. The
performance of the reclining mechanism should be included. The coding of yielding versus
rupture (complete breakage) would provide additional insights.

The position ot the head restraints is not currently coded. Head restraint position is a
desirable variable in assessing head restraint performance.

The coding of points of occupant contact for the "Seat, Back Support" could be enhanced.
At present, the coding does not distinguish between the rear sear occupant contacts with the
back of the front seat or the back of his own seat. A code could be added to clarify this

ambiguity.
- 048
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This graph illustrates what night be
intuitiveiy concluded, nanely 'that high
inertial forces may act through the cen-
ter of mass of the unrestrained head and
neck combination during a whiplash ex-
posure and that the "whiplash" potentia
injury, per se, may not be clearly evi-
dent because the seatback hei ght was
sufficient to apply a"rabbit-chop" ful-
crum at somel evel of the neck that re-
ijuces linmts of voluntary neck excur-
sion, and at the sane timeincreases
injury producing shear and bendi ng
stresses.,

CONCLUSI ONS

In the conclusions that follow the
authors wish to point out that these
statenments are based on specific obser-
vations, the majority of which should
not be over-interpreted to form gener-
alized conclusions. However, because
of the wide variety of conditions eval -
uated, certain conclusions are broad,
not because of a specific observation
but because of anultiplicity of ob-
servations that are correlative and that
reinforce aspecific conclusion, there-
by providing afoundati on for somede-
gree of generalization.

A, CONCLUSI ONS - METHODOLOG CAL -
The foundation of scientific inquiry is
its methodol ogy, procedures devised for
evolving information not comonly avail -
able and not readily verifiable. The
reader's confidence in data subse-
quently devel oped depends on the meth-
dology, the conprehensiveness of the
studies and the reputation of the in-
vestigators.

1. The twelve rear-end collision
exveriments reported by this paper are

height forthe 95t hpercentile aduIt
male dummy e

LI AN LZmaL 3V ient “"I~‘.\‘.n P
representative of the major:.ty of col-
|ision exposures, particularly as re-
lated to severity. Passenger vehicles
travel in a streamoftraffic columated
by lane guide-lines: it is not sur-
prising, therefore that e'rrors in speed
control result in rear-end collisions
that are either single or multiple and
that most frequently occeur with no ap-
preciable offset or differences in ve-
hicle heading at inpact. The speeds
eval uated, 10 thrbugh 55 nph represent
the mpgjority of injury producing ex-
posur es.

2. These collision experinents
provide conditions sufficiently realis-
tic and conprehensive to adequately
eval uate the relative merits of various
passenger vehicle rear-end collsion
protective devices and to identify re-
| at ed injury producing factors. Sever e
whi plash injuries were inferred from
these rear-end collisions: these results
indicate that apractical l|evel of col-
lision force was obtained for eval uating
relative performances of different seat-
back and head restraint designs.

3. These exveriments Were plann=4
with a prinmary objective Of developing
reference material needed by enai neers
desi gni ng seatback and head restraints
for passenger vehicles. For this
reason, mmny variations in design and
manuf acturing techni ques were not in-
cluded in the interests of holding the
experinents to anmanageabl e nunber.

4, The use of both 50th percentile
and 95th percentile adult male anthro-
pometric dunmies provided apractica
evaluation of the effect of the averaqe
and the nearly |mgest PESSEMNTET Sizes
on the various collision protective de-

 —
100

. 052



104

vices evaluated. Prior studies (4) es-
tablished that smaller sized subjects,
including children are well protected
riding in seats adequately protecting
adul ts.

5. On a selective basis, varia-
tions in seat types, seat strenqths,
seatback heights and related protective

Progress With the safe transportation of
humans wi Il always be a relative matter
~ there will never be a practical ar-
rangenent for transportation that
guarantees no injuries.

a. The presence of double or
hi gher order variables was controlled
t hrough appropri ate nmethodol ogv to en-

devi ces were eval uated under realistic
condi tions. Sel ection of apractical
variety of protective devices was made
to provide objective data useful in
meki ng perfornmance judgenents concerning
units not specifically evaluated in

t hese studies.

6. Conorehensive instrunentation
was used in these studies to provide
detai | ed svecifics required for safety
performance eval uation of the rear-ended
passenger vehicle. The use of properly
articul ated anthroponetric dunmes, 55
transducers and 29 photographic units
represented the nost conprehensively
i nstrunented passenger vehicle collision
study conducted to date. The extensive
phot ogr aphi ¢ coverage of each human sinu-
lation during the entire collision event
provided new insight into injury causa-
tion.

7. The utilization of instrunented
full size vehicles providing realistic
collision conditions and instrunented
trauma-indicating anthroponetric dunm es
simulating passenger collision, their
i nduced novenents, and the use of high
speed notion picture col or photography
overlapping all collision novenents
represents anost practical and reliable
net hod for determining passenger vehicle
rear-end collision perfornmance. An
eval uation was nmade of the several pro-
cedures in use by research groups in the
U S. and abroad. concerned with accidenta
trauma; t he consensus of opinions con-
curred with this nmethodol ogi cal approach
While it-is true that fatal injury
trauma variesgreatly fromindividual to
i ndividual and this range is not under-
stood with any great degree of precision
neverthel ess, the procedures used in
this study provided an exacting basis for
determining the relative perfornances of
safety devi ces. It is nmore inmportant to
| earn whi ch passenger environnent pro-
vides the nost practical and effective
i nprovenent to passenger protection than
to delve into refinenents concerned with
the specific traumatic conditions requir
ed for Permanent injury or death.

sure reliability of findings. In this
study, the techniques of redundancy in

i nstrunentation. and absolute constancy
of factors involved, except forthe
single variable under study, were used
as control devices. For exanple, the
seating side-by-side of two identica
dunmies with identical restraints in
identical seats and identical postures
except for specific head offset varia<™
tion provided a neans of establishing
the precise role mnor variations in
head-of fset may play in notorist protec-
tion.

B. CONCLUSIONS - COLLI SION PER-
FORMANCE - The col | apse resistance of a
rear-ended vehicle as afunction of
i npact speed, the susceptibility of the
vehicle to passenger conpartment en-
croachment, the conparative resultant
accel erations, the influence of vehicle
conponents on injury causation, the
preservation of passenger conpartnment
integrity while undergoing noderate
| evel s of inpact acceleration are
exanpl es of vehicle collision responses
characterizing collision perfornance.

In the ordinary use of avehicle, these
deficiencies do not usually manifest

t hensel ves and frequently escape observa-
tion by accident investigators owing to.
the transient nature of these deficien-
cies or the investigator's |ack of
famliarity with levels of collision
performance. Adequate collision per-
formance provides the passenger with a -
protective shield fromthe crashing
structures of the prinmary inpact: ade-
quat e passenger conpartnent safety
protects the passenger fromthe injury
produci ng forces of the secondary inpact
the one in which the passenger may be
hurl ed against the conpartment interior
or ejected. This section relates to the
former and the section to follow, to the

latter. . .
1. The rather linearly varying pas-

senger compartment peak accel erations
sust ai ned for speeds ofrear-end inpact
bet ween 10 and 55 nph attest to the
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the rather collapsible 1967 Ford rear-—
end structure. The collision perform
ances of 1967 Fords undergoi ng rear-end
col lision produces a rather-Iinear

i ncrease in peak acceleration of the
passenger conpartment as afunction of
the inpacting car speed. The nutual or
col l ective collapse for the rear-end
collision car increases exponentially
for speeds from zero through 30 nph and
linearly at speeds from 30 to 55 nph.
The rear end of the struck car becones
sufficiently "bottoned out" at 30 that
its stiffness anplifies substantially to
provide the linear deformation for the
30 to 55 nph range, notwi thstanding the
exponential changes in kinetic energy as
afunction of inpact speed. The perman-
ent col |l pase changes with inpact speed
for the striking car varies linearly
between 10 and 30 nph and at an increased
rate: it varies linearly between 30 and
55 nph

2. The cause of fuel tank |eakage
for inpact speeds between 20 and 30 nph
was attributed to disassociation of
filler spout fromthe fuel tank and col -
lapse of the car bodv axle housing step
with which both the rear axle and the
fuel tank are carried. Extension of the
length of the filler spout by the manu-
facturer during the production year
largely corrected the filler spout prob-
| em and the collapsing of body floor
section to crush into the tank could be
averted by stiffening that section.

C. CONCLUSI ONS - PASSENGER COW
PARTMENT -~ In the passenger compartnent
angul ar protrusions as well asrigid
material with small radii surfaces are
preval ent and represent injury producing
areas that should be elimnated. Pas-
senger conpartnment design criteria for
motarists'protection should conformto
referenced standards. Injury producing
objects in the passenger conpartment
shoul d be recessed or elininated rather
than attenpt to pad the object super-
ficially or ineffectively.

1. The rear wi ndow and header was
contacted for sonme exwosure conditions,
even by the 50th percentile dummy and
for nost exwsuresby the 95th percen-
tile dummy. window and header inpacts
may serve to reduce head to torso axis
m sal i gnnent but are acconpani ed by
hi ghl'y objectionabl e inpact accelera-
tions. Because of the unpredictability
of the head restraining value derived
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from wi ndow and header inpacts, both as
to its probability of occurrence 'and as
toits practicality as a "restraining"
device, rear window and header restrain-
ing action is not regarded as asatis-"
factory condition. Sone form of rear
seat seatback restraint for the head is
recommended, whether sinply an exten-
sion in seatback height or as an ex-
tensi on of padding onto the w ndow | edge
behind the passenger. \Wen the header
is mssed, head accelerations are severa
times less but the probability of injury
produci ng whiplash is virtually assured
unl ess a head restraint has been pro-

vi ded.

2. Force amplifying structures
shoul d be relocated, recessed or elinin-
at ed. Angul ar sections in the passenger
conpartment as well assmall radii sur-
face of rigid material represent injury
sites that should be elinminated. For
exanpl e, the rear w ndow and its header
were frequent inpact sites for the rear-
ended tall rear seat passenger. Those
passengers not sustaining this abuse,
because they were shorter, whiplashed
over the rigid | ow seatback, their
necks receiving injury producing forces
fromstriking the angular junction of
theseatback support and rear w ndow
shel f.

3. Rear seat passengers that
strike their heads aqainst the rear
wi ndow or header nmy prevent whiol ash
action, as aresult of sustaining a
direct head bl ow several orders of mag-
ni tude hi gher than whiplash accel era-
tion. In addition to this factor,

t he wedge-like inpact devel oped by the
30 degree slope of the rear w ndow
(fromhorizontal) may cause injury pro-
duci ng vertebral conpressive forces.

4, Thin padding, less than one-
half inch thick aoplied t0 seatback too-
edge surfaces over rigid frame struc-
tures serves little practical value. De-
sign criteria for passenger protection
should conformwith the standards
referenced at the beginning of this
section. Fixed objects of this nature
shoul d either be recessed rather than
attenpting to conpensate errors of de-
sign with superficial and ineffective
paddi ng

5. The production bench seat(24
degree seatback angle) intersects the
horizontal rear w ndow ledge With an
acute angle of 66 deqreeaﬁ Except for
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the ineffective readily compressible represent the nmost inportant single
padding, the fulcrumlike wedge is ° life-saving device available to the
positioned to give the average notori st motorist, once a collision becones
a dangerous "rabbit-chop” to the back unavoi dabl e. The properly structured -
of the neck or head. The section of hi gh-back seat applies the restraint
the passenger vehicle trunk directly be- needed by the nmotorist for protection
hind this wedge is the |east accessible from the injury producing forces of
and could well be reduced in volune by rear-end collisions just as the shoul der
contouring the junction of the sheet and lap safety belts protect the notor-
nmetal frame supporting the seatback and i st against the injury producing forces
the rear window |edge. Readily com of a head-on collision.
pressi bl e seatback padding canbe in- 4 Abench' seat, nodified from a
creased in depth to restore the desired 21-inch t0 a25-inch seatback was found
seatback geonetry and the transverse to provide sood protection for the
structural properties afforded by this average-sized (50th percentile) rear
| edge would, if anything, be inproved seat notorist underqoing the noderately
by the contour. severe 30 _nph rear-end collision: his

D. CONCLUSI ONS - SEATING UNI TS - head did not strike the rearw ndow or-- --
Seat designs ranging from production header and rebound was negligible.

5. Seatbacks found to be of ade-
guate height for one level of collision
exposure will not necessarily provide
adequate head restraint-at higher |evels
owing to a conbination of increased
seatback defl ection and tendency for
head and torso displacement up the in-'
clined plane of the seatback. The
hi gher forces associated with nore
severe inpacts, positions the head in-
ertial force vector operating through
the center of nmss of the head ai ned

bucket and bench seats to conbinations
of high seatback, rigid and non-rigid
construction, tack-on head restraints
and specially constructed safety seats
were eval uated under a w de range of
realistic collision severities.

1. A _list of passenger protective
devi ces woul d generally show belt re-
straints at the top, with seats, a close
second, The conpartnentalization of
properly designed high-back seats pro-

vides avery val uable constraint for rearward over the top of the backrest
most horizontal directions of inpact. serving to pull the head rearward over
The perfornmance of safety belts and the head restraint to a posture nore
harnesses in this study followed the likely to result in whiplash. In ad-
lines clearly established in prior ex- dition to the variable increases in
perinments (2), (3), (8). Properly de- speed of inpact, as acontribution to
signed. restraining devi ces direct col - whi pl ash severity; the height of a seat-
lision forces to the strong parts of back is an obviously singularly inpor-
the body in amanner least likely to tant vari abl e.
produce injuries. . . 6. Seatback height for all pas-
2. Wthout question, the nost im senger vehicles should be at |east 28
portant vehicle seating position is the inches. These experiments indicate

front seat: this is because the majority that an adequately structured 28-inch

of the average passenger car nileage is ri gi d seatback (seatback strength over
acconpl i shed with no rear seat pas- 16,000 but not over 33,000 in.-Ibs) will
sengers and, additionally, when rear provide satisfactory protection against
seat passengers are included, the front the injury producing forces of most rear-
seat serves as aprotective barrier for end collisions: head offset can cause
them . variations in seatback deflections and

3. Properly designed passenger ve- head peak acceleration but both factors

thI?dseats gronide an_inner protec&%yf can be safely accommpdated in the na-
shield around their precious cargo while jority of exposures. Hi gh-back seats

also conpartnentizing the passengers to (28 inches or nore) greatly contribute

reduce the possibilities of their im- to the conpartrmentalization of passen-
pacting one another during all but the gers thereby reducing the chances of
nost devastating of collisions. In injuries sustained by passengers being
general, seats in passenger vehicles, hurl ed agai nst one another, regardless
if structured for collision safety, of their size. 0
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7. Seatback vield represents a
condition that may reduce the anpunt of
head adverse posturing_relative to torso
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11. Even at 30 nph a?28-inch
seatback (95th adult) should have a

def ormabl e or enerqy absorbing top edage

(whi plash) during arear-end collision.
However, it is not practical to consider
seatback yield as a protective design
feature owing to the w de range of per-
formances needed for a controlled-yield.
The many variables having to do with the
severity of rear-end collision forces
makes this approach inpractical

8. Plastic deformation of high
seat backs (front seats) reduce pas-
senger's rebound toward =hne W ndshield
in rear-end collisions but greatly in-
crease chances of injurv for any rear
seat passengers thrown agai nst them
During nmoderate speed rear-end collision
experiments, high-backed seats offered
adequat e support for the head and torso
and when the seatbackyiel ded rearward
approxi mately 20 degrees, rebound was
di mi ni shed. This rebound hazard woul d
be intensified if afront-end inpact
occurred, following the rear-end col-
l'ision. A di sadvant age however, of
t he seatback being forced into a semi-
reclined position is that the passenger
to the rear is nore likely to strike it
on rebound. Additionally, the nore
reclined angle facilitates sliding by
the nmotorist up the seatback, thereby
extending his head further beyond the
end of the head restraint.

9. Elastic rebound of seatbacks
i ncreases the chances of passengers

sustainins multiple i npact injuries.

I ncreasing seatback rigidity through
designs that allow for only mnor
controlled yield with only nom nal elas-
tic action reduces rebound of motorists
foll owing peak accelerative forces of a
rear-end collision: this consistent ob-
servation is explained on the basis that
the elastic energy that can be stored

by the uphol stery padding and springs as
the seat crushes forward into the backs
of the motorists is negligible when con-
trasted with the metal seatback frane,
anchorages and fleorpan el astic energy
for designs allow ng significant elastic
r ebound

10. Rear seatback vield was in-
significant for speeds of inpact through

in order to conformto neck arch during

the rear-end | oading

12.  Front seat passenger protec-
tion against the injury producing

forces of rear-end collisions using
the current desiqgn technique of seat-

back failure is unsatisfactory. Not

only is the passenger subjected to the
random chance of critical injuries sus-
tained fromstriking the rear surfaces
of the car interior or the rear seat
passengers, the driver is so adversely
positioned that he |oses all opportunity
of regaining control of his vehicle in
tine to avert potentially more serious
secondary collisions. This explains
the reason a weak seatback i S not recog-
nized as an acceptable solution for
motorist protection from rear-end col -
l'isions

13. R gid seatbacks assure nore
effective support of the occupant during

rear-end collisions, providing the seat-

back support is high enough to also re-
sist rearward novenent of the head.

Conversely, a seat that yields appreci-
ably rearward (e.g. nore than one foot
rearward displacement, asmeasured at
the head restraint elevation) places the
notorist in asem -reclined posture that
may serve to attenuate some of the in-
jury producing forces but at the sane
time adversely displaces the motorist
to higher elevations relative to the
seat back, thereby reducing the nmeasure
of support that may be derived.

14, The nore riqid the seatback,
the less the tendency of head and torso

di spl acenent _up the plane of the seat-

back during a rear-end collision; to

the extent that a forward tilt design
is incorporated in aseatback at its
upper limts, this adverse torso shirt
is less likely to occur since this
design feature straightens the inclined
pl ane of the seatback wiere it's unneeded

but encountered during torso shift.
Increasing seatback riqgiditv

reduces rebound of notorists follow ng

peak accel erative forces of arear-end

30 moh and very slight (to 1% inches)

for speeds of inpact through 55 nph,
attesting to the rigid nature of rear

seatback structures.

this consistent observation
is explained on the basis that the

el astic energy that can be stored by the
uphol stery paddi ng and springs asthe
seat crushes forward into the backs of
the nmotorists is negligible when con-
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trasted with the metal'seatback frame .
el astic energy for designs allowng ’
significant elastic yield.

16. Seat assenblies and anchorages

shoul d not fail f£rom collision accelera-

tions under 20 G fromrear-end i npacts.

torso novenent' up thepl ane of the seat-
back;. a properly designed shoul der har-
ness, integral wth the seatback, would
acconplish this objective.

21. A seatback having differentia
strength with | east bendi ng nonent at

The fact that nost seat anchorages held
during the UCLA Series V rear-end col -
lision experiments is attributed to
the following factors: nost of the
seats were special units and required
i ndi vidualized techniques to anchor
them' The UCLA engi neers made certain
t hese anchorages woul d sustain the con-
tenpl ated inpacts so that eval uations
of protective restraints, etc., would
not be conpromni sed by hardware failure
17. As a restraining material, the

rel ative ineffectiveness of uphol stery,
havi ng conventional stress/strain char-
acteristics, indicates why its thi ckness

shoul d be kept to a mni nrum consistent
W th comfort,in order to provide the
notorist with the greater neasure of
head and back restraint possible with
t he extended seatback netal structure.
18. The use of rigid metal trim
across t he top of bucket seatbacks
exposes the rear-ended front seat notor-

ists as well as the front-ended rear
seat notorist to head inpacts with in-
juries anplified by these non-vielding
sharp surfaces. Padding such trimin
the position of nmpbst probable inpact is
i neffective unless the padding is dense.

19. Seatbacks and arm rests should

be designed using well padded, broad
surfaced netal frames designed to pro-
vide the required strength and to atten-

uate head inpact forces. The seat re-

quires astrong frame to-prevent seat.
inertial forces and passenger inertia
(inpact) forces from excessively de-
flecting it and breaking it free from
its mounts. This strength nust be de-
signed intothe seat so that small sur-
face areas, and rigid structures are
not encountered during "botton ng-out"
type head inpacts, occasioned by rebound
from rear-enders, or direct inpact by
rear seat passengers thrown into front
seat backs during head-on inpacts.

20. 1n the high-back seat, a con-
tour forward feature for upper third of

t he seatback provides restrai nt against

torso sliding upthe plane of the seat.

Rel atively small verticaldownward
forces are required to neutralize the

top woul d reduce thedangerous fulcrum-
like action of head restraints thac do
not reach high enough to supvort the
head nass. This matter deserves furw-
ther research and the-preferred solution
based on current- information, iS tOo pro-
vide vehicles with-head restraints high
"enough to obviate the fulcrun}llke
action problem

E. CONCLUSIONS - HEAD RESTRAINTS -
Head restraints are devices that re-
strain the rearward novenent ofthe
head relative to the seatback SO as to
mai ntain the head and torso axes in a
natural relationship during a rear-end
col lision

1. Rear-end collisions are one of
the npst conmmon types of accidents: even
| ow speed inpacts can be crippling.
Head restraints, designed to function °
as a part of the seatback, represent a
satisfactory, and the best known, so-
lution to this problem Head restraints
shoul d not be optional equipnent because
that status should be reserved for itens
not involving notorist safety.

2 . Head restraints are as inportant
to the notorist involved in rear-end col -
lisions as the safety belt is to the
notorist involved in a front-end inpact:
the safety belt provides "brakes" for
motoristsin front-end inpacts and the
properly designed seatback with head
restraint provides "brakes" forthe rear-
ended notorist's head' and torso. The

3. The head restraint for front
seat units should be designed as an ex-

tenion of the seatback and preferablv

not as an attachment or an adjustable

uni t. Addi tionally, because of the
somewhat critical nature of head re
straint position relative to the head
and its response to seatback inertia
and head inpact forces, the concept of
attaching the head restraint to the roof
structure, independent of the seatback,
is regarded as objectionable on the
basis that it conpronises notorist pro-
tection and can be asource of injury
during upset and other types of colli—
si on exposure.

4. The closer the head restraint
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to the notorist's head, the better his

protection. Head offsets fromthe head
restraint to six inches do not greatly
increase a notorist's exposure to in-

jury. . .
5. Static tests for head restraint
performance vield generally exceed the
corresponding dynamic vield val ue ow ng
to force augqmentation attributable to
seatback inertia not present with static
tests. This condition depicts the
capacity of the restraint to resist ad-
verse head novenent but does not include
the requirement for resisting the re-
straint's own inertial force.

6. Properly devised laboratory
static tests of seatbacks with head re-

straints represents a satisfactory pro-
cedure for evaluatins head restraint
performance, where correlative data is
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vent significant contact with vehicle
interior by a 95th percentile adult
mal e undergoing a rear-end collision
by an equivalent striking car traveling
between 10 and 40 nph faster than the
rear-ended car at inpact

9. Head restraints should be an
inteqral part of the vehicle, preferably
requiring no adjustnent, if they are
to provide the most consistent and
effective protection against rear-end
collision injuries, The width of the
seatback near -the upper (head restraint)
can be reduced to acconmpdate increased
visibility, wthout significantly re-
ducing the overall protection afforded
by the head restraint.

10. Seatbacks not designed to
accommodate the added stress of properly
desi sned and constructed retrofitted

avail able from dynamc full-scale

" failure,

studies. This conclusion assunes ex-
perimental sophistication in ternms of
including sufficient realismin the
| aboratory procedure to avoid such
serious possible omssions as floor pan
yield, seat anchorage bolt bending and
yield, and the possible interaction of
vehicle fixed interior surfaces with
seatback yield and occupant displacenent.
7. The head restraint should not be

weaker than the seatback. If the seat-
back vields or fails, the head restraint
shoul d naintain the sane rel ati onshi p.

Failure of the head restraint may expose
injury producing structures to the occu-
pant flailed against it. Seatback
whi | e an undesirabl e condition,
does not generally represent serious in-
jury exposure unless acconpani ed by
failure of the head restraint with re-
spect to the seatback

8. For _the 10 nph inpact, a 95th
percentile adult male dummy On _a rear
(berch) seat receives some neasure of
head restraint fromthe sloping (30
decree horizontal) rear w ndow. The
quality or protective aspects of this
wedge-like inmpact type of restraint is
suspect, not only because it cannot be
counted on for variations in posture
and dummy hei ghts, but also because the
restraining forceis acconpanied by a
vertically downward vector that may at
times reach sufficient magnitude to
cause injury to the spinal processes.
Pear seat positions should be provided
wi th head clearance sufficient to pre-

head restraints will in general, never-

thel ess. provide greatly inproved pas-
senger Protection when SO0 equipped. Thi s

modi fication, when conpetently managed
provides the notorist with a nmeans for

mai ntai ning a nornal head-to-torso axes
alignment; the probability of gross seat-
back deflection or failure is viewed as
an undesirabl e condition but one which
woul d occur anyway and a condition for

whi ch structural revision would prob-
ably be too expensive to be practical

11. Seat backs extended sufficiently
to provide effective head restraint need
not interfere with driver rear-view di-
rect vision ordriver see-through-car-
ahead vision, providing the head re-
straint Position of the seatback does

not exceed the recomended width of 15
inches. This dinmension for driver and
right front seat passenger allows ade-
qute see through vision, even for snal
cars, and a notorist has no problem
seeing around it when |ooking to the
rear.

12. Head restraints whether an

i ntegral extension of the seatback or
a tack-on unit should be 15 inches wide
but not less than 10 i nches wi de. Head

restraints less than 10 inches w de,
whi | e perhaps adequate for square-on
rear-end collisions, pre-supposes per-
fect postural alignnent at the tine of
inpact: owing to the natural lateral

.shifts in posture of the motorist and

the possible occurrence of oblique rear-

end collisions, a bias toward the 15-
inch dinmension will provide protection
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for a wider range of rear-end collision
exposures. Head restraints wder than
15 inches represent a problem for
drivers attenpting to see through cars
ahead when traveling at hi ghway speeds
under congested conditions.

13. As _a practical matter of com
fort, the head restraint should be no

closert han one inch fromthe back of

t he head when the notorist is in a natur-

e m—— — L,
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the 28-inch seathack, the 95th percen-
tile dummy and the 30 nph rear-end col-
l'ision exposure, the follow ns conclu-
sions can be nmde
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al seated position

F. CONCLUSI ONS - OCCUPANT PROTEC-
TION - Duriag the whiplash phase of a
rear-end collision, the extent to which
the head axis remains aligned with the
torso axi s 1S a comon neasure of whip-
| ash severity: other factors such as the
head peak acceleration attained, the
effective el evation of the seatback (po-
tential for neck "rabbit-chop") and
the presense of dangerous interior sur-
faces that thehead nay strike, repre-
sent ot her nechani sms by whi ch motorists
are injured fromrear-end collisions.

1. "Wiplash” -as used by the
"authors connotates the mptorist's in-
voluntarily assuned, injury producing,
torso and head-to-torso postures occa-
si oned by autonpbile collisions and
other fornms of traunmm.

2. 1n addition to the extent of
'whi pl ash" injury exposure, as character-

ized by the angle the head axis assuned
rearward of the torso axis, the |oca-
tion of back and neck force applications
and their magnitude are also inportant
indicators of potential injury exposure.
For this reason, those exposures that do
not manifest a critical approach to the
voluntary linmits of head excursion rela-
tive to the torso axis and yet are ac-
conpani ed by significant whiplash or
head inpact with the vehicle interior
shoul d al so be regarded asunacceptabl e
solutions to the protection of notorists
fromrear-end collision injuries.

3. A 95th percentile dummv in a
16,100 in.-l1b. 28-inch high front seat
will sustain during a 30 nph rear-ender
nearly half the head and chest accelera-
tion of a 95th percentile dummy in the
rear_seat, extended also to 28 inches.
This observation is attributed in part
to the closer proximty of the rear
seat to inpact and al so the more rigid
seatback construction of rear seats in
Passenger vehicl es. -

4. Wth respect to head offset for

(a) Head inpact renained relative--
ly constant for 0, 3 and 6 inch offsets
(e.g., 11, 11, 10 G but increased sub-
stantially for the 12-inch offset (e.g.
18 G.

(b) Chest and knee accel erations
as well asseat belt. force did not vary
wi th changes in headoffset.

(c) Maximum deflection and perma-
nent rearward deflection of seatbacks
remai ned constant for 0 and 3-inch off-
sets but was significantly reduced for
6 and It-inch head of fsets. This seem
ing anomaly is explained by consider-,.
ing the dynam c responses of both head
and its head support; they perform as
a single mass for 0 and 3-inch offsets
and their inertial forces becanme asyn-
chronous for the larger 6 and 12-inch
of fsets. seatback asynchrony w th occu-
pant head and torso inertial forces re-
duces the extent of seatback deflection.

5. lncreases in head offset in-
creases tendency for whiplash: nornal
posture variations of twelve inches
were found to cause only slight nodi-
fications in whiplash ascontrasted
with the nore dom nant variabl es of
seatback hei ght and strength.

6. A twelve-inch head of'fset
for a rear seat passenger in astandard
bench seat will nore than double chest
accel eration as contrasted with azero-
inch head offset during arear-end col -
lision; this is attributed to the ex-
ceptionally rigid construction of seat-
backs for the rear seat position.

7. A twelve-inch head offset as
conpared with a3-inch offset degrades
the protection of ahead-restraint bv
an _anmount approximately equivalent to
di m nishing the head restraint height by
three inches. Design criteria associated

with protection devices for the no-
torist represents aconbination of com
prom ses.  The probl em of unusual head
offset at the time of inpact is conpat-
ible with the problem of excessive seat-
back yield comon to higher speed rear-
end collisions; both conditions are ob-
viated by higher seatbacks but higher
seat backs inpose additional restrictions
to driver's and notorist's visibility.
This identifies the comggomised con-
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dition governing the authors' recommen-
dations for a 28-inch seatback.
8 In addition to "head-offset,"
it is useful to consider the extent
to which readily conpressible uphol stery

further separates the notorist's head
from his head restraint. To this end,
one can refer to the "Effective Head-
O fset," the conbination of head-of fset
and the conpressible depth of the up-
hol stery before bottoni ng-out occurs.

9. Seatback and head restraint
uphol stery, depending on its thickness,
account for a aignificant anmpunt of the
"effective head-offset." Upholstery
characteristically offers low force re-
sistance to deflection. To the extent
that upholstery is unnecessarily deep
for the confort purpose intended, its
depth serves to unnecessarily conpro-
mse the notorist by allow ng higher
differential velocities between the
seatback and his head and torso.

10, OnMng to variations in the
effective elevation.of the head re-

straint, the extent of whiplash injury

exposure iS not sinply a matter of the

difference in head axis to torso axis'

v
N

angl es because | esser angles are re-
guired to physiologically exceed spina
voluntary limts of articulation as a
function of the effective el evation of
the top of the back restraint. These
variations have to do with nmotorists'
seated height variations and with the
yield performance characteristics of

t he backrest undergoing collision. Were

head restraint occurs bel ow the skul
| evel, sone cervical vertebra may be re-
strai ned agai nst flexion, but those ver-
tebra above the restrained segnent are
free to flex beyond voluntary linmits and
owing to the reduction in articulation
units, the extent of flexion for injury
is correspondingiy reduced

11. The seat belt does not contri-

but e significantly t0 passenger protec-
tion fromrear-end collision exposures:
(a) The floor anchored lap belt,
and to a |l esser extent the seat anchored
lap belt pivot about their attachnents
as the notorist is accelerated. This
action increases seat belt slack allow
ing the notorist to slide up the plane
fo the seatback, thereby resulting in a
reduced | evel of back support as the
whi pl ash forces reach their maxi mum
val ues.

11

(b} The | ow back seats (less than
25-inch seat backs) beconme even nore
hazardous during a rear-end collision
if a seat belt is being worn because
forward nmoverment of hips is restricted .
t hereby increasing the bending nonent
sustained by the spinal colum. The
seatback acts as a fulcrumwith the lap
belt lower linb inertial forces acting at
at the base of the spine and the un-
restrai ned head and shoul der inertia
forces acting at the upper end of the
spi ne.

(c) Seatbacks found to be of ade-
guate height for one |level ofcollision
exposure will not necessarily provide
adequate head restraint at higher levels
owi ng to a conbi nation ofincreased
seatback deflection and tendency for
head and torso displacenent up the in-
clined plane of the seatback. The higher
forces associated with nore severe im
pacts, positions the head inertial force
vector operating through the center of
mass of the head aimed rearward over the
top of the backrest serving to pull the
head rearward over the head restraint to
a posture nore likely to result in
whi pl ash.

(d) The nore rigid the seatback
the less the tendency of head and torso
di spl acenent up the plane of the seat-
back during a rear-end collision: to
the extent that a forward tilt design
is incorporated in a seatback at its
upper limts, this adverse torso shift
is less likely to occur since this de-
sign feature straightens the inclined
pl ane of the seatback where it's un-
needed but encountered during torso
shift.

G.  CONCLUSI ONS - GENERAL - These
experiments -have verified the inmportance
of keeping the head and torso axes
aligned by a properly designed seatback
t he experinents have al so established
that every whiplash-protective device
eval uated denonstrates sonme neasure of
degradation of performance as the rela-
tive speed increases between the rear-
end collision vehicles. The degradation
of seatback performance for protection
of the notorist from whiplash as a func-
tion of speed increased seatback yield
caused by increased body and seatback
inertial forces attending high speed
i npacts that position the torso in a
nore reclined posture theﬁ&?y facilitat-
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ingits novenent up the plane of the
seat. Some tendency of this nature. .
occurs even w thout seatback yield be-
cause of the natural 20 degree slope of
seat backs

1. For the noderately severe col-
i sion exoosures reoorted in this paper,

e
v

16,100 in.-Ibs. inertial force; head

of fset may cause variations in seatback
defl ections and head peak accel erations
but both factors can be safely accomop- -
dated in the majority of exposures.

' 4. The inportance of considering
the head restraint protection for the

(to 55 mph), it wasestablished that a
well desioned safety seat would protect
NDSt passengers from sustaining signifi-
cant rear-end collision iniuries. It is
apparent that far safer seats can be
provided on the basis of performance .
gui del i nes established by this paper

The higher initial investnent that pro-
vides greatly inmproved safety and confort
is nmoney well spent

an adequately designed, properly
structured and anchored hi gh-back con-
toured seat (28" or higher, well padded
backrest) provided with well padded arm-
rests, harness or alap belt that is
built into the seat-unit with retract-
able, inertial-lock nechanism represents
t he essentialfeatures of asafety seat
that provides sufficient protection for a
notorist to sustain, with probably no
moret han m nor injuries, rear-end colli-
sions through 55 nph. The crash perform
ance of seats designed assafety seats
represents adecided inprovenent over
conventional seats. This was estab-
lished in a prior series of experinents
designed to evaluate the Liberty Mitua
safe-seat confi gurati on, Reference 3.

As denpnstrated by the Cox contour
safety seat with head support and built-
in cross-chest lap-belt restraint, the
average notorist fromchild to adult
size can ride out asevere rear-end col -
lision (e.g. up to the 55 nph exposure)
wi thout significant injury.

2.___Seatback strength should in-
clude allowance for passengers thrown
forward against the backrest. Even
t hough passenger vehicles are provided
with lap belts, not all passengers will
be sensible or know edgeabl e enough to
use them Additionally, |ap-belted
taller persons can flail their heads and
chest agai nst the seatbacks ahead of
them during front-end inpacts, if not on
rebound fromrear-end collisions..

3. Front seat notorists are ade-
quately protected from rear-end col-
lision injuries for striking car speeds
tnrough 30mphif they have an ade-
rzately structured 28-inch seatback
capabl e of sustaining without failure a

—

95th percentile dummy iS not so much a
special concern for the welfare of the
minorityv-pooulation of "kins-sized"

nales as it is a recognition of the fact
hat seatback hei ghts, satisfactory for
the average adult at low-sweed rear-end
collisions, nust be significantly higher
f or equivalent protecti on at hi gher col -
|ision speeds. seatback height-s and
strengths providing satisfactory protec-
tion for the 95th percentile adult male --
for 30 nmph rear-enders will provide sat-
isfactory protection for the average -
hei ght notorist forspeeds through 30

and substantially above 30 nph.

5. These experinents were struc-
tured to be conprehensive but there were
observati ons made during the experinents
t hat suggest further avenues of profit-
abl e inquiry:

(a) The top surface of aseatback
may provi de i nproved head restraining
properties during arear-end collision
if it extends rearward asaten to
twel ve inch padded shelf. This design
may serveto reduce the mninmum el eva-
tion required for reasonable protection
from whi pl ash.

{b) The upholstery nmaterial and
texture used opposite the shoul ders for
a hi gh-back seat maysignificantly
i nfluence the tendency for torso shift
up the plane of the seatback.

(c) The rear wi ndow and adjacent
nmetal structures provide awedge-like
surface for the head to strike. As the
head contacts this inclined plane (30
degrees), assumng no other hazardous
contact such as with aprojection, the
peak acceleration is produced by the
wedge-1i ke application of accelerative
forces to the head and this maycause
excessive conpressive forces of the
vertebral colum. The nagnitude of these
forceswas not instrumented but they may
be physiologically significant and both
the 95t h and 50t h percentil e maledummies
sustained relatively high head inpacts
with the rear w ndow.

6. Properly designed high back
seats provide an inner pro%éctive
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shield around the passengers while al so
conpartnentizing themto reduce the pos-
sibilities of their interacting With

each other during all but the npst deva-
stating Of collisions. In general, seats
when structured for collision safety,
represent the nost inportant single life-
saving device available to the notorist.
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APPENDIX A - SEVERY TESTS WITH CALIBRATED SEATS
TEST CONOTTIONS TEST RESILTS
XPERTMENT VEHICLE OLNAY TYPE HEAD CALIBRATED SEAT BACK SEAT BACK SEAT BACX REMARKS
u. DELTA ¥ (AMD RESTRAINT) QFFSEY SEAT BACK HELGRT RESIDUAL DYNAMIC
(L)) (INCHES) TORQUE (INCHES) ANGULAR ANGULAR
(IN-18F%) DEFLECTION DEFLECTION
(FORCE AT 14+) (DEGREES) (DEGREES)
x93 16.5 F5m 3 9,100 22 19 7 Seat back rotated rearvard to strike rear
w) 1850 bty Ay knees. Dumwy in rigid rear seat
experiences head G's twice that of this duwwy
{256 v. 126).
x4 1.0 950 3 9,100 22 8 % Ourmy in rigid rear seat experiences head
(8] (650 1bf) acceleration sbout three times this dummy
(236 v. 86G).
x93 16.5 Lcl] [ 16,100 22 7 16 Oumy in rigid rear seat experierces hesd
W) (1150 tbf) scceleration sbout tuice this duwy
(23G v. 22G). Seat back mey have hit resr
duries knees.
Ed 1"n.e 50 o 16,100 22 3 10 Dumwy {n rigid rear seat experiences heed
w {1150 1bf) scceleration significantly higher then this
o dawwy (S0G v. 14G). Kead rotated wore than §
x93 (see sbove line).
x95 16.5 F5M L] 16,100 2 3 10 Duwey in rigid reer seat experiences heed
«wy (1150 tbh) scceleration sbout twice that of this dumey
(196 v. 10G).
x95 16.5 o5u 12 16,100 R 4 10 Duwwy heed scceleration higher due to grester
w (1150 (bf) offset.
6 16.5 o5M 3 16,100 25 7 16 Ourwey in rigid resr sest experierces heed
w) 1150 af) accelerstion sbout twice that of this duwy
(266 v. 116),
%6 16.5 (1] 3 16,100 28 8 \l4 Dumwy in rigid resr sest experiences hesd
: Wy 1150 bf) acceleration about tuice that of this duwy
€216 v. 116).
x97 5.5 (1] e 16,100 28 [ 7 Dumay in rigid resr seat experiences head
L 1150 1bh) acceleration sbout 2.5 times that of this
dumey (266 v. 106).
o8 2.0 o5M 3 16,100 28 P4l n Durmy ramped up seat back to get head
[{§] (1150 (bf) over hesd rest. Seat buck contacted resr
dummy knees. Dummy in rigid rear sest
experiences head accelerations about 2.5
times that of this duwy (756 v. 33G).
x100 16.5 oM & 16,100 25 7 20 Ousmy leaned forward sbout 10 degrees. Saver
W (1150 tbf) shiplash motion.
=100 16.5 50 [ 16,100 28 11 3 Durwy leaned forward sbout 10 degrees. Sest
({8 (1150 (bf) back almost bottomed cut. Weed rest protecte
agsinat whiptash motion.
x101 16.5 954 12 16,100 25 1% 2 Rermped up seat with severe whiplash sotien.
w {1150 b1 o srparent contact of seat back with resr
dumwy inees.
x101 16.5 (2] 12 16,100 28 13 b4 Severe whiplash motion, Strong rebound with
[{§) (1150 tbf) chin bottowing on chest.
R 6.3 S0 [} 16,100 25 ] 7 Uhiptesh motion of head. Ousmy rebounded int
w (1150 Lbf) steering wheel,
x99 16.% o5 [} 33,000 25 [} 7 thiptesh motion was significantly Larger
[{3} (2357 Lbf) compared to x96.
9 16.5 (1] [} 33,000 8 [} 7 thiplesh motion was aignfficantly larger
w) (2357 bty compared to x96.
102 16.% 5o o 33,000 5 L] 1© Whiptash motion simtlar to driver (see
[(§) (2357 Lbf) sbove). Need bottowed out on chin during
rebound.
103 30.2% o )] 33,000 o] é 13 Sest beck bottamed out against rear sest
[{8] (2357 tbf) durwy knees. Floor pan yieided. Driver
ranped up sest beck with severe shiplash
motion. Rebourded nto steering wheel.
x103 30.25 5. 3 33,000 18 15 ] Seat vielded, bottamed out egainst reer
) (2357 tbf) dumwy knees, Dumwy headed for severe
whiplash mation vhen contact with resr
Gy chest occurred. Cox seat in left
rear yielded back and bottomed out on rear
package trey.
X104 30.25 SoM [} 33,000 28 8 F4 Beam (4% charmel) placed under front seat
[{8] {2357 tbt) anchor. Nead over top of sest back with
severe whiplesh motion, rebounded into
steering wheel,
X104 30.2% o5 3 33,000 28 10 1’ Beam in place (see sbove). Sest bottamed out
W) (2357 1bf) sgainat rear duwwy knees. Severe whiplash
sotion with severe rebound motion.
108 30.2% soM 0 97,000 Fad [} [} Lox Seat with beck sgeinst beem welded
w) (6929 tbf) between b-pillars. Rerping end rebound
controlled by integral belt system.
=106 30.2% SoM [} 97,000 28 [] [} Calibrated seat with beam against sest beck,
w) (6929 tbf) Dummy rampe 4" up beck despite (ep belt.

F
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APPONDIT 8 - NEAR (MPACT CRASH TESIS INVOLVING PROOUCTION SEATS 19671978
REFEREWCE DATA IPACT TOKDITIONS RESULIS
- - -
§ g - |Is 3 L
| |rie o maieanion AsTHOR(S) ] z 35 s -1 fraveres
I (S0UACE DATA) (CoRP. AUTHOR) . Sa H 3= g = = dan
3 H 24 H € H 3zs
.. ] <= Bz & 8%
= & H E] us s 2 ang
3 £ is 3 38 2 gxs
10761 [Pretiminary firdings of Seveey, Brink & Qaird | 493 || 67 foca 47 ford 16 Seenl ool | L 19 Actually seats were Lab,
wead Support Des1pre CHTIE, WCLA) A% . - 1.0rnl ooy | Lap s teats. lests shown vith $/0
(11N STaop)y cal. 3 6508 (14%) -« .. per
prod. seats (9100 1n.Ibts)
1768 | [8acrest and wead Restraink]| Severy drink & Saird || 297 |67 rord |o7 sord s.seenl osuio)|{ 1ap 1.8 Production seats used. Excep!
Design for Bear lmguct CHTE, ucLay 98 . . 19.9enl 9smiod| L it tor a0d. of 8* head restraint
Protection (SAf 680079)
T1/TY [Six Rear Moving Barrier M.E. Molt 1 Rigidn.e |73 15, Tmon B SOMC2) ” Fulty Split bench seat,
Autorodite Crash Tests {Cenaral Emironment 04 15 actor] 2eclined
(CEL Rept. A 4650.01) Corporation)
(IS Cont. No. 6581) 2 - ney. W.rmen ] som2) » . Fined bench seat back.
ury
3 - 7 tovotall 19.0men [ S(2) ” - fiaed berch teat back.
orona
3 . 73 chev. |{ 191w | som ” . Buctet seats.
€92
s . 73 ford 9. | sae ” . Sucket seats.
nto teate.)
6 - 73 opel 19.0nen | S ” - ket seats,
900 teate
974 |fautomotive Rear-end Scheverman § Touy 428 [frigra me |s8 piy. 8.5ech | 910} [| wone 33 Serch seat.
Callision Tests (WFEC) SOM(C)
(HHTSA Report Py
007-¥5-801-163)
433 - ‘68 Ply. .00 | Same a xore 18(L) Berch seat adjusted. dead
sbove rests oropped 24,
7 - 48 Ply. 14 3o . Nore 10.56L) [f Berch seat. Left srcw Nit
knees of rear dumy,
438 - 68 ply. 16. 2nh . Nane 15.5¢R) || Sench seat. Mo rear seat
Asmeies. Front sest soved
Back umt f. seat contact,
“1 - w1 22.7wph | om0y | Wone 27 SOM behind passenger 1est
Oriver sest 3lipped back
Fnery wone A1) to r. seat. Patsenger et
Rt e pass. (SOM) Rnees.
73] . 71 pinto | 19.8mph | 9560 | wone F- SOM behind p. seat. Driver
seat slipped back to it
nir) Nane - f.odeat. Passerguer sest
reac legs coliapaed.
“@2 - 70 buick | 12.4apn | 9500} | worw 19.5(L) | Berch seat. Front seat
Electea som(ey | wore 36383 | impacied r. ammies breer.
oniry | wone
3 - 69 PLy. 9.6ach | Some Nane 2801 Banch saat. Left side hit
Sta.magon stove SRy F. Gmmies knees. Seat broke
loose trom fioor.
468 - ‘70 L0 V4. 7nph || Same as] Wone Rty Serch seat. Or. dumws head
atove wote(t) | nit e Gummy chest. Pass.
ey head MUt rear teat bdack.
Seat broke toose from floor.
449 - ‘o8 rly, 9.30ch J s f wone 7 Mo rear aemies.
So(Py
4 - 68 ply. 17.20ch Rsomc?) || wore 291 No rear dmies.
3a(ry
10/73 [[s12 moderate Speed N.E. Wolt 1 73 n 773 Toy 23.Seph (D) s “Departmant store meniking
Front-into tear @n Gremiin  |carons £(P) - titled to proper weight for
te Crash Tests 312e Nith neber mat.
(CE1 Peport a,-4%8.10) 2 ‘73 Datsnd 73 tord | 21.9mh | o) - Yeser nate(n) - 1538,
1IKs Contract 845393 p1o Pinto [1{3] - Teso* Femate (F) - 1120
3 73 ford 73 wnc 2.3 I meod || - Tes*® **No angles mrasured’
fat 500 Rabasaador Fry . Tes*® Rear seal seniting helped
prevent further seat back
rotation,
0 nw '73 Py, IORT S | ITC - Yerr®
ype | Fuey I P . Tese*
s ey, B0 cewy 2700 { wioy -
ury 111 [frega P ]
& 73 Chavy (173 Opel 25.9mph "(0) - Yest*
pats 900 " - Teso®
778 lccident Irwestigation 2. Pirtle 1 7 Inpatsfb?) Pinto 17.6agh [ISOM(D) s -20 15° impact angle w/pre-braking
tudies - Stage Rear .79
fpact Cot 1isions (Oyremic Science) 2 7 topatafb71 pinco [|19.0mn || « - 3 0° Tapact angte wore-braking
Pyramic Science Raport (.79}
3otg-78-47) 3 AE Bar, 7 #into 21 . Saphy - - 2
4 7V Topetal}72 vega 25. laph - - 12 152 tmpect argle w/pre-brating
793, “Looks Like lab
tixture wn resr stopped sest
back rotation.
5 7Y tmpatal|72 vega 29. 7Togh - - n fmpact angle wWpore-braking
73y
(Baat Dats in:) R, Pirtte 3 A Sar 72 Vega 25 . Taph - . k4
Test anct Evaluation of | koyrvaic scrence) 7 7t 1epataf |7t #into - . fo weasuroments sade.
Neadt Restraincs, Seet 8 - 72 Pinto 22 Saph hd - k4 tmpact angle w/pre-braking
49)
Backs & Archorsges in 3 - - 22, capn . . » PO Impact angle of fret 14®
Vehicles Subjected to 10 - 72 vega ] - o measurements mace
Rear iomect Collisten n . 7t vega | Ri.owen || = . % £° trpact angle wpre:
braking{.4g)
(e 209 T ” - - R¢. 7moh - - No cata I° Irpact angle of feet 11ee
13 - 76 pinto | R3.7een . - 23 1O Ispact angle w/predraking
.69}
% . 7Y tepats | f18.70n - . 1.8 P lapact angle w/prabraking
_T9)
" . Bé Pinco 6. Paph - L] W data [ ° Impact angle
1% - Fé Pinto 9. Omgh - - Cottected | 42 topact angle woredrsbing
. &q)
” - - omn ] @ - - © Tmpact angle
1] . &2 rinto 9. bogh . - . ® lepact angle wireoraiing
.69)
* spa.vagon
102 . s pinta 7. taph . . - & Jmpact angle
spa.wagon
1980 | 1t andt Evaluation of . Porzi il 3 lepata 2 W 0. Pmph pom(n) us -35 ¥ scat dumge other than
vqitsusgen Type | front pyasic scierce) “ ¢ L B BOCE fest & cear trimm yietd.
Sdat Integrity 1n Rear 2 . ‘oW 0. Lo (o) . -3 1 - - -
topact Collisions - - -35 ~ - - -
(dynomic $crence Roport 3 - ‘Rw) 0. S - (D) - -3% b - © - -
g, 8340 80-192) bid] . -3% N - - ° -
3 - WL 0. Pegh ®(0}] pone -35 Ofivrar s1de “wedisl Ninge®
o yriP)] Nane r [ CILN

241
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APPENDIX C.I

NCAP REAR IMPACT TESTS 1979 MODEL "EAR VEHICLES

Mode
r

1979

1975

197%

1975

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

1979

VENICLE/SEAT DESCRIPTION

TEST DESCRIPTION

OUMMY RESPONSE

SEAT RESPONSE

Manu- Mode! -iver(D Belted(B)
facturer or Unbelted (I
RFP(P)Y
Chrysler | Cordoba ] ]
P 8
Dodge Aspen D B
P )
Dodge Colt 0 B
P 8
Dodge Diptomat D 8
P 8
Plymouth | Horizon 1] B
P ]
ford Fiests ] e
P u
Ford LTD Landat "] ]
P 8
Mercury “onarch 0 8
P u
Mercury Zephyr ] u
P 8
Ford Mustang "] 8
P ]
Ford F-gird D B
P 8
fonda livie 0 B
P ]
Jatsun 210 4 8
P 8
duick lectra .0 8
P B
Juick tivera S 0 8
P 8
“hevrolet § Camaro o 8
P 8
chevrolet | hevette 1] 8
P 8
ontiac ;atalina D 8
P 8
ontiac iran Prix 0 8
P v
‘ontiac junbird 0 8
P 8
‘oyota celica D B
P u
‘oyota orol la 0 u
P 8
L) abbit [} B(VWRA)
P B(VWWRA)
'olvo '44pt D B
P u
ord into 2] 8
P 8
hrysler ewport [ 8
P 8

Av
(MPH)

19
19

20
20

2.6
24.6

18.7
18.7

19.9
19.9

24.1
24.1

18.0
18.0
18.2

19.3
19.s

23.06
23.06

19.0
19.0

19.5
19.5

21.3
21.3

21.9
21.9

23.8
23.8

20.6
20.6

22.3
22.3

HIC

177.8
357.5

245.4

301.7
327.8

263.7
469.2

115.4
146.5

386.9
359.7

140.0
192.3

1098.2
585.0

341.0
419.0

251.6
105.8

445.2
442.1

41.9
94.L

35.3
113.8

214.0
311.3

137.L
309.9

415.0
289.0

189.2
293.5
410.6
210.0
623.0

1147.0

114.5
102.8

51.1
210.2

288.6
303.2

19b.0
138.2

Pk Chest
's (-3ms

19.0
30.5

26.0
24.0

w o
e
N

-
o
w

n
o
o w

15.9
13.7

32.9
34.3

54.6
68.9

10.74
11.56

17.0
17.0

13.4
18.4

13.7
12.9

242

Residual
Seat back
Angle (deg's)

Remarks

-40

-40
-40

-40
-45

~45¢
~45+

-45

Split bench seat.

Seat track broke, seat moved aft -2".

Head contacted 8-post 6 RFP head.
Head contacted B-past & driver head.

Bench seat moved 2" rearward.

Both dummy heads impacted rear seat
cushion during seat back recline.

Both front seat backs bent inward and onto
rear seat cushion.

Bench seat reclined allowing both durmy
heads to contact rear seat back.

Stopped by front seat backs striking rear
rest.

Both seat backs bent onto rear cushion.
Passenger-side headrest torn off.
Driver headrest became detached, both seats

moved 4" aft in tracks.

Both front seats moved 1" aft.

Split bench seat. Driver seat back broke.
Both seats moved aft (Driver . 1.4"
Passenger  1").

Passenger seat moved 1" aft in tracks.

Bench seat back broke. Both heads contacted
rear seat back.

Split bench seat. Both seat backs collapsed
Both heads hit rear seat back.

Both front seats yielded at impact and the
and the duwmy heeds struck rear seat back.

Both front seat backs yielded on impact.
Both dummy heeds struck rear seat back.

Passenger head contacted rear seat back
suppart bracket.

8oth bucket seat backs yielded.
Both seat backs yielded at impact.
Both heads struck back of rear scat.

Both seat backs yielded at impact. Both
heads strut back of rear seat.

Bmh seat. Bench seat back yielded, both
dumies reclined.

(>




TABLE'l - S8UMMARY OF S8TATIC BEAT PULL TESTS
SEAT DESCRIPTION SEAT PERFORMANCE
M O D E|L MANUFAC- MODEL STIFFNESS | STRENGTH ABSORBED TEST
YR. TURER (bt/in)' bty ENERGY REMARKS
(* tbs)’ BY:
MG - 116.6 CSE
‘64 AMC RAMBLER 168.5 560.0 93.6 CSE
‘64 VW TYPE | 137.9 620.0 2a.7 CSE
TRIUMPH - 174.3 CSE
‘64 PONTIAC LEMANS 265.0 §60.0 69.7 CSE
‘65 RENALLT DAUPHINE 73.2 455.0 100.1 SMRY
'66 CHEVROLET CHEVELLE 103.4 505.0 1705 SEVERY
.68 DATSUN DART 1685.1 325:0 382 1142 SEVERY SEVERY
‘8 FORD CORTINA 106.6 415.0 1141 SEVERY
‘66 FORD FALCON
RANCHERO 106.0 615.0 2448 One side of spik bench seat SEVERY
'66 PLYMOUTH BARRACUDA 121.2 850.0 233.7 One side of spit bench seat SEVERY
‘66 W 95 1449 426.0 175.4 SMRY
'66 YOLYO TYPE NI 79.4 640.0 204.9 SMRY
‘68 544 169.0 730.0 416.5 Friction clutchats/back pivot
adjusted for mendrnum torque SEVERY
'67 FIAT 137.9 475.0 163.6 SMRY
‘67 PLYMOUTH BARRACUDA 105.3 680.0 3742 Spik bench seat, one side SEVERY
Sg; RENALLT R10 68.7 490.0 191.2 SEVERY
‘68 DATSUN TYPE 06 156 360.0 w8r.7 SEVERY
SEVERY
3 FORD
. SAAB MUSTANG 1600 069 787.0 2794 SEVERY
L VOLYO 144 137.9 476.0 2711 SEVERY
‘68 TYPE | 103.6 700.0 500.8 SEVERY
;] vw 76.4 Wli.0 N/A® CSE
‘69 MERCURY COUGAR w4 716.0 N/A CSE
‘70 OPEL 1900 00.9 §70.0 N/A SEVERY
‘70 RENALLT R10 528 5250 N/A SEVERY
70 TOYOTA COROLLA 46.6 310.0 N/A SEVERY
SUBARU 555 200.0* N/A SMRY
70 DATSUN 610 142.9 365.0 N/A SMRY
70 RAT 850 95.2 873.0 N/A SEVERY
‘70 AUSTIN AMERICA 2222 830.0 N/A SMRY
70 AMC GREMUN 285.7 14ca.o’ N/A SEVERY
CHEVROLET CSE
7Q vw TYPE £ CARLO 230.0 732.0 2433 CSE
71 PLYMOUTH DUSTER 162.4 830.0 535.9* CSE
71 VOLVO 144 2222 630.0 3734 Friction clutch at s/back pivat
adjusted for maximum torque CSE
CSE
‘73 CHEVROLET PINTO 169.6 720.0 NfA SEVERY
yw CSE
‘74 CHEVROLET MONTEICARLO 285.7 1830.0 2433 CSE
FORD CSE
‘76 CHEVROLET MAVERI(CARLO 57.9 348.8 1839 Swivel bucket seat CSE
CSE
‘76 OATSUNLET B211VETTE 169.5 630.0 200.6 CSE
‘78 VOLVO 2420L 176.6 1113.0 2942 Seat broke just prior to reaching
45 degrees CSE
‘76 ROLLS ROYCE s. SHADOW 45.9 500.0 194.9 CSE
77 VW RABBIT “a st 1160.0 N/A CSE
CAMARO CSE
‘82 CHEVROLET TERCEL A 100.0 620.0 290.6 CSE
'02 TOYOQOTA 146.0 413.0 164.3 C-SE
CSE
‘84 VORDO OO SBAIES 60.7 1700.0 269.4 CSE
CSE
‘86 STANZAUM mne 538.0 258.7 CSE
NISSAN CSE
‘86 SUBARUTH STATIONI WAGON 66.3 827.0 399.3 CSE
‘86 W JETTA 78.4 866.0 336.9 CSE
'86 sMwW 7334 826 591.0 194.6 CsE
‘88 MERCEDES 300 126.2 1144.0 299.7 CSE
AVERAGE VALUES 134.6 660.2 256.9
‘HIGHEST VALUE 606.1 1400.0 535.9
‘LOWEST VALUE 40.4 300.0 87.7
*NOT AVAILABLE
‘AVERAGE OVER FIRST 200 LBFS
IMAXIMUM FORCE DURING DEFLECTION, STOPPED AT 4§ DEGREES
‘ENERGY NOT CALCIRATED BEYOND 46 DEGREES
434
L add /
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APPENDIX €.2 - NCAP REAR IMPACT TESTS - 1980 MODEL YEAR VEWICLES

7
VENICLE/TEST DESCRIPTION TEST DESCRIPTION DUMMY RESPONSE SEAT RESPOWSE
1 —_
Mode | Marw- Model iver(0y | Belted(s) av HIC Pk Chest Residual Remarks
e | factures or Urbetted (U | (MPH) i's (3-m3) Seat Back
RFP(P) Angle (deg's)
1980 | AMc Concord o u 19.9 78.9 16.0 L4 Driver seat separated from tracks.
P 8 19.9 8.1 12.2 5 8oth heads struck rear seat back,
1980 | Dodge Mirada ] B 19.6 - o ~5 8oth seats moved 1.5% aft in tracks. Split
P 8 19.6 o - -45 bench seat.
1980 | Mercury | Cougar 4 8 20.1 A.0 60 Gench seat moved 3% aft, Teack severely
[ 8 201 57.0 13.0 -60 buckied. Left track 80X split.
1980 | Subaru GL ] B 23.5 - o i Soth dumwy heads contacted rear seat back.
P 8 23.5 = = B
1980 | Honda Civie 1] [ 2%.7 -45 Left front sest moved 3* afr,
15000% P B 24.7 ~5 Outboard anchor of RFP seat torn fram floor.
1980 | Chevrotet |Citation ] ] 2a.4 171.3 18.0 ~5 Berch seat. Seat back reclined.
4 8 21.4 255.8 31.0 =45
1980 | Horda Prelude o 8 23.5 -50 Passenger forehead struck backlight., Driver
4 U (Bett | 23.5 -0 seat moved 4.5% aft. Driver head hit rear
detache seat back.
1980 | Datsun 310 0 8 24.2 - - =5
(4 ] 24.2 - - -
1980 | Remault LeCar 4 ] 2b.7 - 45
P [ ] 2c.r o o o
1980 | Datsun 200X )] 8 22.2 = B ” Soth dumies hit rear seat back.
P 8 22.2 = . 7
1980 | Mazda 626 ] 8 22.3 o = ~45 Both seat backs bent rearward onto resr seat
P 8 22.3 o e -45
1980 | W Ratbit 0 8 23.4 = . -5 Soth dumies hit rear seat back with head.
Convertibt P 8 23.4 = . 5 Seat backs bent onto rear seat cushion.
1980 | Toyota Corolla 0 B 3.5 o E 7? Both dumies hit rear seat back. Passenger
Deluxe P 8 23.5 o E ” dunmy head hit B-pillar,
198 | OldsmobitefCuttass [} 19.3 -4 Sptit bench seat. Both dummies contacted
P ] 19.5 -60 rear seat back.
1980 | Fiat Strada ° 8 23.8 ” Both dumy heads contacted rear seat back,
P 8 3.8 n

VEHICLE/SEAY DESCRIPTION TEST DESCRIPTION DUMMY RESPONSE SEAT RESPONSE

Mode Mary- Modet river(D Belted(8) av HIC Pk Chest Res fdual Remarks
Yo | ‘acturer or belted (U) |(HPH) G's (-Ims) Seat Back
RFP(P) Angle (deg's)

1981 | anc spirit

v o

21.6 . . -60 Both dummy heads hit rear seat back.
21.6

1981 | Chryster | !sperial 1]

. . 0 Split bench seat. Both dumwy heads
Speciatit P

. ~40 contacted rear seat back.

_.
=
oo

1981 | Dodge Acies instrumented 80 Sench seat came oft tracks.

- -80

LX)
BE
- ¥- )
o
1
2

1981 | Horda Civic - 45 Both dumnty heads contacted rear seat back.

2.1 - - -64

vo

ow
~
IN
-

1981 | Catsun 810 Head restraints became detached.

vo
)
°

SN
A
“

Renault 184

23.4 . - -60 Both seat backs reclined to rear sest
Deluxe

M 23.4 . .. -60 cushion. Both heads contacted rear seat.

vo

1981 | Mazda GLC

. -64 Both dumy heads made contact with th. rear
Custom

vo

i . . -60 rear back.

198

=

Toyota Cressida B(Passive

. 43 Both dummy heads hit rear scat back.
8(2-pt)

wo

198

Toyota Starlet

L]

8
8 . _4s heads hit rear seat back.
1981 { w Jetta B(VWRA)Y

B(WRA)

.- 50 Soth dummy heads hit resr seat back.

198 || Chevy Cavalier

24

24.2

20.3

20.8

25.0 . - S @oth seat backs bent onto rear cushion. Bo
25.0 =

23

23.1

2.7 .- 7 Soth dumies impacted rear seat back cushic
22.1

e vwe

1981 1| Plymauth || Sapporo

ve

21.3 = - -50 8oth dumy heads hit resr seat back.
. - .. 77 Passenger seat pulled loose.

= w
~
=
w

1981 ) Tsuzu 1-Mark 23.6 x .- 45 Seat backs bent rearward. Passenger seat
23.6 . . 60+ twisted inboard. Passenger head hit roof

healiner. Driver head hit rear seat back.

vo
»w

1981 || Mercury Lynx 23.7 = . ~45 Passenger seat right reil separated from

i 23.7 - . ~5 track. Both heads contact rear seat back.

v o

l APPERDLX C.3 . NCAP REAR IMPAC TESTS 1061 WIDEL YEAR VERICLES
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APPENDIX C
Eighteen 30 - 39 MPH Delta-V

Rear Impact - NASS 1988 - 1990
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C

OBSERUVATIONS

EIGHTEEN 38-2% MPH DELTA ¥ REAR IMPACTS - NASS 198&8-1%%8@

NINE OF THE EIGHTEEN CASES INVOLVED MULTIPLE IMPACTS

TWENTY-NINE OCCUPANTS WERE INVOLVED IN THE EIGHTEEN CASES OF
WHICH NINETEEN WERE RESTRAINED - HOWEVER, TWO BELT SYSTEMS
RELEASED DURING THE CRASH EVENT - ONE BROKE AND THE OTHER WAS
NOT PRORERLY LATCHED

OUT OF 25 OCCUPIED FRONT SEATS - 21 YIELDED

TWO CARS BURKNED FOLLOWING THE CRASH EVENT - OWNE QCCUFRPANT DI ED
IN THE FI RE

OF THE EI GHTEEM CARS INWVOLVED, THREE HAD A FRONT BENCH SEAT

nNE VEHICLE WAS INVOLVED IN TWG REAR IMPACTS IN THE SAME
CRASH EVENT

THE MOST FREGUENTLY | NJURED BODY PART WAS THE HEAD AND FACE -
THE HIGHEST SEVERITY INJURI ES WERE INFLI CTED TO THE HEAD aND
CHEST

THE MOST FRAGQUENTLY RECORDED FROBAEBLE SQURCE OF INJURY WAS THE
STEERING WHEEL FOLLOWED BY THE SEAT BACK, HEADREST! AND

FLY I WG GLAS5 — HOWEVER  THE NUMBER OF NOMCONTACT | NJUR | ES

WERE EQUAL TO THE NUMBER OF INJURI ES CAUSED BY THE STEERING
WHEEL

IN THI S SMALL SAMPLE, THE | WN.JURY RATE FOR Al S 2 AND GREATER
INJURI ES FOR RESTRAINED OCCUPANTS | S 2&% , WH | LE THE INJURY
RATE FOR UNRESTRAINED QCCURANTS | S S@, PROVI DING A SEAT BELT
EFFECTIVENESS OF 4&¥
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CASE &88-43-682

CASE “JEHI CLE: 1984 Subaru GL (V2
CASE UEHI CLE WE1 GHT: 2190 Ibs.
CASE VEHICLE DELTA Y: 30 mph

CI RCUMSTANCES

Vehicles 1t and 2 were travel ing on a one way, four lane street
approaching an intersection with a traffic signal. Both vehicles.
were in the same lane. As W2 approached the intersection the
driver of V1 applied his brakes before striking v2. WVYiunderrode
V2. WV2continued down the street striking a “No Parking” sign and
a utility pole.

Both occupants were using 1 ap/shcul der bel ts.

Both front bucket steat back folding locks failed and the seat
backs rotated rearward and came to reston top of the rear seat
cushion. The driver ‘s seat rotated approximately 45 degrees, and
the passenger seat approximatel v 30 degrees. The front seats had
adjustable headrests wi th no damage reported.

RESTRAI NT AND IKJUR | ES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Female
AGE: 22
HEIGHT: &5 in.
WEIGHT: 116 Ibs.
RESTRAINT USED : Lap/Shou 1 der Belt

INJURIES AlS DAICED PROBABLE SOURCE
Contusion, chest | | Steering Whee)
Whipl ash, neck | 3 Coded Fire -

Not obvious from
report or photos

SEATING POSIT1 OM: Rl GHT FRONT FASSENGER
SEX: Male
AGE: 31
RESTRAINT USED : Lap/Shoul der Bel t



CASE 88-43-0@z2 CONT>

INJURIES &Is  DAT (%D PROBARELE SOURCE
Contusion, face 1 7 Unknown
Laceration (4 in.>, face 2 7 Unknown
laceration, wrist 1 7 Unknown

(¥)D/1Direct/Indirect Injury —<1>Direct Contact Injury, (3
Noncontact Injury, and (7> Unknown source

SEAT PERFORMANCE
Both the driver and front seat pascsenger” s seat back locks failed.

MISC: INFOGRMATION

Ul -~ 1978 Chry Cordoba - Weight 4151 1bs. - Delta V17 mph

Carse ©OZ

Scars
Folowing CRAGH. _

072



CASE 8&-8it—-a2z24

CASE VEHI CLE: 1985 HONDA PRELUDE (V2)
CASE ‘JEHI CLE WET GHT: 2219 1bes.
CASE VEHICLE DELTA V: 35 mph

Cl RCUMSTANCES

V3 staoped suddenly on highway after missing a turn. V2,
following, slowed to a stop and was struck from behind by V1,V2
was pushed into the rear of V3.

The restrained driver of the case vehicle received minor injuries
and was transported to the hospital and released. She 1 ost one
day of work.

The driver’s seat was. rotated approximately 45 degrees. rearward by
the occupant. The driver’s seat back was resting on top of the
rear seat cushion.

The front seats. in the case vehicle were bucket seats with folding
backe, and the headrests were adjustable with no reported damage.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver
SCX: Female
~AGE: 2 7
HEIGHT: 55 in.
WEIGHT: 125 1 bs.
RESTRAINT USED: LapsShcoulder Belt

INJURITES AIS D/TCX) PROBASBLE SOURCE

Contusion ,Face
Strain, Neck

1 Steering Wheel
|
Contusion, Thigh |
!
!

Steering Wheel
Steering Wheel
Left Instr. Panel
Seat Bel t

Contusion, Knee
Contusion, Shoulder

(¥ D/1 = Direct/Indirect Injury - (1> Direct Contact Injury, and
(2> Indirect Contact Injury

SEAT PERFORMANCE
Driver Seat - Deformed by impact of occupant from front

MI SC INFORMATION o
Ul - 1977 EMW 530 | _
v3 -1987 Isuzu Imark 073



CASE g&8-86-82&4(CONT)

Note: This vehicle underwent a frontal impact following the rear
impact paseibly accounting for the steering wheel injury.

ChsE OLG

Ny v L\Z%': aﬁ_i l_..._..._—-«

Sea+ts
FocLowiné CRASH
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CASE 88-49-03%S

CASE VEHICLE: 1976 AUDI 100 (V2
CASE VEHICLE WEIGHT: 2790 Ibs.
CASE VEHICLE DELTA V: 32 mph

CIRCUMSTANCES

Vehicle 2 was traveling in the third lane of a four lane freeway.
V2 stopped and V1, also traveling in the third lane, struck V2.
V2 sustained severe rear impact damage.

The restrained driver of VY2 received numerous injuries, some of
unknown sever i ty . He was hospi tal ized for seven days and off work
for 10 days.

The rear seat was pucshed forward by intrusion from V1 and the back
of the driver’s seat was rotated rearward approximatel v 45 degrees
by the impact force of the driver,

The front seats in the case vehicle were bucket seats., and the
headrests were adjustable. The driver‘s headrest was damaged
while the right front seat passenger“s was. not.

RESTRAINT AND INJURIES

CASE VEHICLE
@SEATING POSITION: Driver
SEX: Male
AGE: 2 7
HEIGHT: 74 in.
WEIGHT: 180 Ibs.
RESTRAINT USED: Lap/Shou 1 der Bel t

INJURIES ~lIs D/1 (¥ POTENT | AL SOURCE
Laceration,abdomen 2 2 Seat Back
Concussion, head 2 1 Rear Header

Bl un t Trauma 7 7 Seat Bel t
Laceration,face | | Steering Wheel rim

(¥ D/I - Direct/Indirect Injury - (1) Direct Contact Injury, (27
Indirect Contact Injury, and (7 Unknown Source

SEAT PERFORMANCE
Driver - Coded deformed by impact of occupant from front

. 075



CASE 88-49-835<CONT>
MISC INFORMATION
- Ul - 1982 Ford F15@ Pickup - Weight 4848 1bs. - Delta U 22 mph
NNz seaTs B
— M Focipoind CRASH
— 076



CASE 88-7 1-042

CASE VEHI CLE: 1983 Ford LTD (V2
CASE VEHICLE WEIGHT: 3092 lbs.
CASE VEHICLE DELTA V: 32 mph

CIRCUMSTANCES

Vehicles 1 and 2 were traveling in the same direction on a four
lane divided state highway with a slower moving vehicle in between
them. Vi passed the slower moving vehicle. As Vlis. passing, its
left front wheel contacted the curb of an island separating the
two directions of traffic. Vldrifted to the right lane and
contacted VY2 in the rear. Both VW1l and V2 continued on and came to
rest on a curbed island.

The driver of the case vehicle was using the lap/shoulder belt but
the belt was not latched properly and came unbuckled during the
col 1ison. She recieved a minor head injury and was hospitalized
three days. Her seat rotated rearward approximatel y 45 degrees
during the crash,

The front seats. in the case vehicle were bucket seats with folding
seat tacks, and the heéadrecste were adjustable with no reported
damage.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING PO3SITI ON: Driver
SEX: Female
AGE: 49
HEIGHT: 66 in.
WEIGHT: 148 Ibs.
RESTRAINT USED : Lap/Shou 1 der Belt = Improperl ¥ 1 atched and
came unbuckl ed during crash.

4

INJURIES AIS D/T(%) PROBABLE SOURCE
Strain, neck 1 2 Headrest
Concussion, head 2 1 Headrest
Laceration, face | 7 Unknown
Laceration, shoulder | | Seat Back
Laceration, head | | Headrest
Abrasion, Whole Body l 7 Unknown

(¥>D/1 - Direct/ZIndirect Injury - (i) Direct Contact Injury, (2>
Indirect Contact Injury, and (7> Unknown Source

¥ 077



CASE &8-i 1-@642{ CONT>

SEAT PERFORMANCE
Driver - Seat back folding locks failed and was deformed by
occupant from front - rotation about 45 degrees.

MISC: | NFORMAT I aN

VUl - 1976 Buick Skylark -~ 3391 Ibs. - Delta V29 mph

e

AssE COLL

C Cuegép IsctALl , )
——— Cureén LsianDs
Lvl 11! /\O,&. ~ '7-
- - - l’,\ ~ I - T TTTTrt—TT— o T
2= = 7= = e~ T
SLow Ma\/m/ax Ve (N
Car [(Z:b.
(—’M ZE
C
SeEeAaTS
Foctowineg CRASH
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CASE S8-Z-8sZ2

CASE VEHI CLE: 177 Ford LTD (V2)
CASE UEHI CLE WE1 GHT: 4144 Ibs.
CASE VEHICLE DELTA V: 35 mph

CIRCUMSTANCES

V2 was. stopped to make a left turn and was struck in the rear by
V1, a pickup truck towing a 3200 Ib. trailer. V2 burst into
flames killing the driver and his dog. The unrestrained driver
received 3rd and 4th degree burns over the whole body. The cause
of death was asphyxiation by carbon monoxide.

The front seat in the case vehicle was a bench seat with folding
seat back, and the headrests were adjustable with the driver’s
reported damaged.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

SEX: Male

AGE: 75

RESTRAINT USED : None
INJURIES AlS D/1(¥) PROBABLE SOURCE
Burns, Whal e Body 6 | Asphyxiation
(¥ D/1 - Direct/Indirect Injury = <1> Direct Contact Injury

SEAT PERFORMANCE
Driver’s = Seat back broken - Deformed during occupant impacting
seat back.

MISC INFORMATION
Vi - 1989 Chevy 3500 Pickup - Weight 4269 Ivs. towing a 3180 Ib,
trailer.

Case C& 2

Tra»'ier — \/l \/Z D et




CASE 98-73-867

CASE VEHI CLE: 1982 Dodge Colt (VD
CASE VEHICLE WE1 GHT: 2000 1 bs.
Case Vehicle DELTA V: 32 mph.

CIRCUMSTANCES

Vehicle 1 was traveling behind vehicle 3 in the same lane. VUt
rear ended U3. WV1lrotatedclockwise and was struck in the rear by
V2 heading in opposite direction. V2 sustained frontal damage.

V3 continued down the street in a counter clockwise rotation and
rol 1 ed over.

The unrestrained driver in the case vehicle sustained a chest
fracture from the steering wheel. The accident report states the
dr i ver “ s csea t was deformed by the occupant, but sl ides. show 1 i ttl e
deformation. The rear seat was pushed forward 27 - 29 in. by the
rear impact .

The front seats in the case vehicle were bucket seats with the
headrests integral with the seat wi th no damage reported.

RESTRAINT AND | NJUR I ES

CASE VEHICLE

SEATING LOCATION: Driver
SEX: Male
AGE: 35
RESTEAINT USE : None

IMJURIES AlS D/1 (%) PROBABLE SOURCE
Laceration! Face i 1 Windshield
Lacer at i on Head 1 7 Unknown
Contusion, Head 2 7 Unknown
Fracture, Chest 3 1 Steering Wheel

(¥ - Direct/Indirect Injury = (i) Direct Contact Injury, (7>
Unknown Source

SEAT PERFORMANCE
Driver’s seat was forced forward by intrusion from the rear hatch

area.

MI SC INFORMATION

v2 =-1979 Chevy Monte Carlo - 3249 1 ke, - Del ta ¥V 20 mph
v3 -1989 Mercury Topez — 2606 1bs, - Del ta V 12 mph

" 080



CASE 98-73-847(CONT)

Note: Since the case vehicle went through mul tiple impacts.,
frontal first, it would be hard to determine how and when the
driver contacted the steering wheel and windshield.

' Casec 067
S AR _
\G /S @ E =2
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CASE 8%-78-89%4

CASE VEHICLE: 1982 Subaru GL Hatchback (V2)
CASE UEHI CLE WE1 GHT: 2378 Pounds
CASE VEHICLE DELTA V: 32 mph

CIRCUMSTANCES

Vehicle 2 was stopped, waiting to make a left turn, at a 3-way
intersection on a two-way street. Vehicle 1 struck vehicle 2 from
behind. Both vehicles were towed and both occupants were taken to
the hospital and released. The driver lost 4 days work as a
result of the accident and the front seat passenger one.

During the impact both seats were rotated rearward approximatel vy
45 degrees .

Both occupants were using the lap/shoulder bel ts provided.

The driver received minor injuries and the front seat passenger
received no injury.

The seats in the case vehicle were bucket seats with folding
backs. The headrects were integral with no damage reported.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING PQSITION: Driver
SEX: Femal e
AGE: 21
HEIGHT: 64 in,
WEIGHT: 138 1be.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES AlsS D/1(%) PROBABLE SOURCE
Laceration, head 1 1 *B"Pi 1 lar
Contusion, Shoulder 1 1 Left "A" Pi 11 ar
Strain, neck | 3 Unknown, possibly

head rest, al though
i t was repcr ted no
damage to head rest

(¥>D/1 - Direct/Indirect Injury = ¢1> Direct Contact Injury, and
(2> Noncontact Injury.
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CASE &9-78-@%4( CONT)

SEAT LOCATION: Right Front
SEX: Femal e
AGE: 35
HEIGHT: 62 in.
WEIGHT: 120 tbs.
RESTRAINT USED: Avai 1 abl e Lap/Shoulder Bel t

This occupant received no injury.

SEAT PERFORMANCE

Both seats coded deformed by intrusion of the rear deck and
deformed by impact of the occupant from front — The driver’s seat
appears to be rotated approximately 45 degrees and the right front
passenger’s seat about 30 degrees.

MI SC | NFORMAT | ON
V1 - 1988 Suzuki Samurai - Weight 2291 Ibs. - Delta ¥ 33 mph

- — . —r— a— -

e

- Seats
Following Impact
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CASE UEHI CLE: 1977 Ford LTD (V2>
CASE UEHI CLE WEI GHT: 4414 1bs.
CASE UEHI CLE DELTA V: 35 mph

Cl RCUMSTANCES

Both vehicles Y1and Yz were traveling in the same direction on a
two 1 ane hi ghway . WVZ stopped to make a left turn. WVistruck V2
in the rear. V2 was knocked forward and onto the left shoulder
where fire broke out completely burning back 2/3’s of vehicle.
The unrestrained driver received a minor injury. He was taken to
the hospital and released. He lost no time from work.

The driver’s seat was deformed by the occupant! approximately 45

degrees rotation, with the seat back comming to rest on the rear
seat cushion.

The front seats in the case vehicle were bucket seats with folding
backs.

RESTRAINT AND INJURIES
CASE VEHI CLE
SEATING POSITION: Driver

SEX: Male

AGE: 33

HEIGHT: 70 in.

WEIGHT: 200 Ibs.

RESTRAINT USED: None
INJURIES AlS D/T (%) PROBABLE SOURCE
Laceration, Face | | Mirror
(¥>D/1 Direct/Indirect Injury - <1>Direct Contact Injury

SEAT PERFORMANCE
Driver — Deformed by occupant - later burned

MISC INFORMATION

U1 - 1988 ToyotaZ4 Runner - Weight 3206 Ibs. — Delta ¥V 48 mph

2 7 ' ,
LA ] l % Borned ZN _
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CASE 9@-%9-@s7

CASE UEHI CLE: 1983 Dodge Omni (V2>
CASE UEHI CLE WEI GHT: 2302 1 be.
CASE UEHI CLE DELTA WV: 30 mph

CI ROUMSTANCES

Vehicles 1 and 2 were east bound on a state road, WVfcontacted V2
at the rear causing serious damage to the rear of the car.

The driver of the case vehicle was restrained by a lap/shoulder
belt. He refused any treatment.

The driver’s seat was was. slightly deformed, approximately 15
degrees , during the accident by the occupant.

No points of occupant contact were noticed.

The front seats in the cae vehicle were bucket seats with folding
backs. The headrests were adjustable with no damage reported.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Male
AGE: 22
HEIGHT: 64 in.
WEIGHT: 150 Ibs.
RESTRAINT USED: Lap/Shoulder Bel t

Injuries unknown - Occupant refused treatment

SEAT PERFORMANCE
Driver - Slightly deformed by occupant - about 15 degrees.

MISC INFORMATION

V1 - 1983 Honda Accord - Weight 2514 Ibs. — Delta ¥ 27 mph

CASE O67-9

vy, DI 085
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CASE 89-46-070

CASE UEHI CLE: 1985 Honda Civic LRX (U2
CASE UEHI CLE WETI GHT: 1923 Ibs.
CASE UEHI CLE DELTA ¥: 33 mph

CIRCUMSTANCES

Uehicl es V4, U3, and V2 had stopped at a traffic light. WVY1struck
V2 and pushed it into V3 which in turn struck U4. V2 was
underriden by V1 and rotated slightly clockwise by V1 before
striking V3. The properly restrained driver received injuries
from contact with the steering wheel. She 1 os t 15 days of work as
a result of the accident,

There was severe damage to the rear of the car but no reported
seat failure.

The front seats in the case vehicle were bucket seats with folding
seat backs. The headrests were adjustable. The driver’s headrest
was damaged during the crash while the passenger’s was. not.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Female
AGE: 37
HEIGHT: &éin.
WEIGHT: 110 1 b=,
RESTRAINT USED : Lap/Shou 1 der Bel t

I NJURIES AlIS DAT (%) PROBABLE SOURCE

Concussion , Head
Fracture, Neck
Strain, Neck
Contusion, Face

Steering Wheel
Noncontact
Noncontact
Steering Wheel

Contusion, Chest Seat Belt
Strain, Back Seat Back
Contusion, Abdomen Seat Belt

Lt. Inctr. Panel
Foot Controls
Foot Controls
Foot Control s
Foot Control s

Knee, Contusion

Ankle (Lt>,Contusion
Ankle (Lt>,Contusion
Ankle ¢(Rt), Contusion
Ankle (Rt>,Contusion

N = N o = e s s ) W —

PR PR e e e = NN

(¥ D/1 - Direct/Indirect Injury — 1> Direct Contact Injury, ¢2)
Indirect Contact Injury, and (3» Noncontact Injury
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CASE 89-46-070 ¢ CONT>

SEAT PERFORMANCE
Driver —= No reported failure

MI SC INFORM&TION

Vi - 1987 BMW 324 - Delta ¥ 21 mph - Weight 3031 Ibs.
U3 - 1984 Nissan Sentra

V4 - 1987 Chry. LeRaron

Note - Since W2 struck V3, steering wheel injuries could be result
of the frontal impact and not necessarily rebound from the rear
impact.

CAse O70
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CASE &89-12-89%1

CASE VEHI CLE: 1986 Buick Skylark <Vz)
CASE VEHICLE WEIGHT: 2475 1 bs.
CASE VEHICLE DELTA V: 35 mph

CIRCUMSTANCES

Vehicle 2 was stopped at a traffic light when struck by vehicle 1.
The rear of Y2 underwent severe damage. The unrestrained driver
of the case vehicle was seriously injured and was still
hospitalized when the accident report was released. He sustained
four broken ribs and a broken clavicle. The front seat passenger
recieved minor injuries, was treated at a hospital , and lost seven
days work .

Both front seats were deformed rearward by impact force loaded by
the occupants. The bench seat rotated approximately Séa degrees.

The headreste in the case vehicle were integral with with the
seats with no damage reported.

RESTRAINT &ND INJURIES

CASE VEHICLE

SEATING POSITION: Driver
SEX: Male
AGE: é2
WEIGHT: 1%9& 1bs.
HEIGHT: 72 in.
RESTRAINT USED : None

I NJUR | ES ~lsS D/1 (%) PROBABLE &SQURCE
Contusion . Chest 3 7 Unknown
Fracture, Shoulder 2 7 Unknown
Fracture, Ribs and Clavical 2 1 Left Arm Rest

SEATING POSITION: Right Front Passenger
SEX: Female
AGE: 54
HEIGHT: 65 in.
WEIGHT: 194 Ibs.
RESTRAINT USED: None

INJURIES AlS D/I(%) PROBABLE SOURCE
Strain, Neck | 2 Head rest
Contusion, Pelvis | 1 Seat Back
Contusion, Whaol e body | 7 Unknown
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CHSE 89-1Z2-@% 1 {CONT)

(¥> D/l - Direct/Indirect Injury - <{1>Direct Contactlnjury -1{2)
Indirect Contact Injury, and (7> Unknown Source

SEAT PERFORMANCE
Berich seat - Seat adjusters fai 1 ed - seat anchors failed - seat
deformed by occupants - the seat rotated about 50 degrees.

MI SC’ INFORMATI CN

V1 - 1987 GMC JIMMY - 3298 1 bs. — Del ta ¥ 29 mph

SRS 5

N DING D

Seofs
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CASE 90-47-100

CASE VEHICLE: 1988 FORD TEMPO (V2)
CASE VEHICLE WEIGHT: 3167 Ibs
CASE VWEHICLE DELTA ¥: 31 mph

CIRCUMSTANCES

Vehisles 1 and 2 were traveling on a bridge. The front of V1
struck the back of V2. WVilthen struck a curb on the right and V2
struck the bridge rail and rotated and was struck from behind by
the front of V3. V2 had two rear impacts to the same area. First
impact was minor, the second impact was most severe.

There were four occupants in the case wehicle. The front seat
occupants were restrained by the lap/shoulder belte, the left rear
occupant by the lap belt, and the right rear occupant was
unrestrained. Alloccupants received minor (coded AIS 1D
injuries, al though the left rear occupant’s injury was coded as a
fractured face.

The right front seat was rotated rearward approximately 35 degrees
by its occupant during the crash event.

The front seats in the case vehicle were bucket seats with folding
seat backs. The headrests were adjustable with no damage
reported.

RESTRAINT AND INJURIES

CASE VEHI CLE
SEATING POSITION: Driver
SEX: Male
AGE: 23
HEIGHT 65 in.
WEIGHT: 175 Ibs.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES AIS D/1 ¢¥%) PROBABLE SOURCE

Strain, Back 1 3 Impact Force

SEATING POSITION: Right Front Passenger
SEX: Female

AGE: 32
HEIGHT: 66 in.
WEIGHT: 120 Ibs. wi

RESTRAINT USED: Lap/Shou 1 der Eel t 090



CASE ?8-47-18@(CQONT)

INJURIES AIS D/1(%) PROBABLE SOURCE
Contusion, Shoulder 1 1 Seat Back
Contusion, Face 1 1 Sunvi sor
Strain, Back | 3 Impact Force

SEATING POSITION: Left Rear Passenger
SEX: Male
AGE: 34
HEIGHT: 68 in.
WEIGHT: 190 Ibs.
RESTRAINT USED: Lap Belt

I NJUR I ES AlS DAT (%) PROBAEBLE SOURCE
Contusion Back 1 1 Seat Back
Laceration, Head ! 3 F1yi no Gt ass
Fracture, Face 1 | Back of front seat

SEATING FOSITION: Right Rear Seat
SEX : Femal e
AGE: 26
HEIGHT: 59 in,
WEI GHT: 150 1 bs.
RESTR&INT USED: None

INJURI ES AIS D/TCH) FROB&BLE SOURCE
Abrasion, Knee i 1 Seat Back
Abrasion, Leg 1 1 Seat Back
Strain, Back 1 3 Impact

(X> D/ - Direct/Indirect Injury = (1) Direct Contact Injury, and
(3 Noncontact Injury

SEAT PERFORMANCE

Driver — No recorded failure

Right Front Passenger -~ Deformed by occupant

Left Rear Passenoer and Right Rear Passenger = Intrusion from
rear

MI SC INFORMATION

Ul - 1989 Ford Crown Victoria
v 3 - 1987 Dodge Car avan e 091
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CASE 88-44-113

CASE UEHI CLE: 1985 FORD EXP (V2>
CASE VEHI CLE WEI GHT: 2212 Ibs.
CASE VEHICLE DELTA V: 30 mph

CIRCUMSTANCES

Vehicles 1 and 2 were traveling in the same direction on a four
lane city street. VU2 stopedto turn left. V!l impacted the rear
of V2 at approximately 45 mph without braking. V2 rotated 180
degrees counter clockwise and came to rest in lane of oncoming
traffic. The rear end of V2 was severely damaged.

The lap/shoulder belted driver and passenger of VYZ received minor
injuries. The occupants were treated at a hospital and released.
Both occupants lost 10 days of work.

The front seat backs were rotated rearward approximately 30
degr ee<.

The front seats in the case vehicle were bucket seats with folding

seat backs. The headrests were adjustable with no damage
reported.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver
SEX: Male
AGE: 19
WEIGHT: 200 1 bs.
HEIGHT: 73 in.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES A1S D/i (%) PROBABLE SOURCE

Laceration, face
Strain, neck

Con tusi on Knee
Laceration ,wrict

F1yi ng Gt ass
Impact
Steering Wheel
Flying glass

— = =
wW— W w

SEATING POSIT1 aN: Ri gh t Front Passenger
SEX: Male
AGE: 31
Height: 71 in.
WEIGHT:2 3 0 1bs.
RESTRAIPJT USED: Lap/Shoulder Eel t
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CASE &8-44-113{Cant)

INJURT ES AIS D/TCX) PROBABLE SOURCE

Contusion, kidney 2 1 Broom stick from
back seat

Abr acioR,e 1 vi = 1 1 (Same as above>

Laceration, Face 1 3 Flying G ass

Sprain, ankle i 7 Unknown

(¥>D/1 Direct/Indirect Injury = ¢1> Direct Contact Injury, (3
Noncontact Injury, and (7 Unknown Source

SEAT PERFORMANCE
Driver —Seat back lock failed - rotated approximatel y 30 degrees.

Passenger - Report notes no failure - Photos show about 30 degrees
of deflection.

MISC INFORMATION

Vi - 1984 Datsun Maxima - Weight 2880 Ibs. — Delta ¥V 26 mph

Seats
Following Impact
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CASE 89-4%~ 121

CASE VEHICLE: 1987 FORD TEMPO (U2)
CASE VEHI CLE WEI GHT: 2602 Ibs.
CASE VEHICLE DELTA V: 30 mph

CIRCUMSTANCES

Vehicle 3 was stopped, preparing to turn left accrocss two lanes of
traffic on a four lane highway. Vehicle 2 was stopped behind
vehicle 3. Vehicle 1 came from behind and struck V2 in the rear.
This forced V2 into the rear of V3. The unrestrained driver in
the case vehicle, v2, was unrestrained and received minor
injuries. He received no treatment. V2 sustained severe rear end
damage. The driver’s seat back folding locks and seat adjustment
tracks failed. The seat back rotated rearward approxmately 40
degrees.

The seats in the case vehicle were bucket seats wtih folding
backs, and the headrests were adjustable with no damage reported.

RESTRAINT AND INJURIES

CASE WEHI CLE

SEATING POSIT1 OM: Driver
SEX: Male
AGE: 37
WEIGHT: 1 4 0 1be.
HEIGHT: 65 in.
RESTRAINT USED : None

INJURIES AlS D/1CX%D PROBABLE SOURCE
Laceration, Face 1 | Windshield
Contusion, Chest 1 | Steering Wheel

(¥>D/I Direct/Indirect Injury — (1> Direct Contact Injury

SEAT PERFORMANCE
Driver - Seat back folding locks and seat track failed.

MISC INFORMATION

Ul - 1971 Ford Torino Wagon - Weight 3768 Ibs. — Delta V 21 mph
v 3 —-1985 Lincoln Mark VII -~ Weight 4015 - Delta V 11 mph

Note: The case vehicle was involved in a frontal impact following
the rear- impact.
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CASE 82-43~ 12 1 (CONT>
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CASE 134

CASE VEHICLE: 1983 Buick Regal (W2
CASE VEHICLE WEI GHT: 3472 Pounds
CASE VEHICLE DELTA V: 37 mph

CIRCUMSTANCES

Vehicle 2 was stopped at the bottom of a hill at an intersection.
Vehicle 1 hit Vehicle 2 in the rear.

During the impact both of V2= front seats deflected (rotated> 54
- 60 degrees rearward. The vehicle sustained severe rear damage.

Nei ther the driver or the front seat passenger were restrained.

The driver sustained minor injury and the front seat passenger no
injuries. The driver was transported to a trauma center and
rel eased. It is not known if he lost any days from work.

The front seat of the case vehicle was a spl it bench seat with
adjustable headrest, There was no reported damage to the
headrests.

RESTRA | NT AND IMNJURIES

CASE VEHICLE

SEATING POSITION: Driver
SEX; Matle
AGE: 20
RESTRAINT USED: None

INJURIES PROBABLE SOURCE

I\
—
)]

Contusion, chest wal 1 ! Steering Wheel

SEAT LOCATION: Right Front
SEX: Male
AGE: 9

This occupant was unrestrained and received no injury.

SEAT PERFORMANCE

Both seats coded deformed by occupant impact — approximately 60
degrees.

MI SC INFORMATI Ot
VUl - 1988 Ford Thunderbird - Weight 3537 Ibs. — Delta ¥ 36 mph
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CASE 8%-77- 1ca

CASE VEHICLE : 1977 YW Rabbi t (V1
CSAE VEHICLE WEIGHT: 2015 Ibs.
CASE VEHICLE DELTA V: 36 mph

CIRCUMSTANCES

Vehicle Ui had slowed down for a parked vehicle in the curb lane
of a six lane road (three each direction> when hit in the rear by
v2. WYtand V2 came to rest in the center lane. The driver of the
case vehicle, whose seat belt released (button popped out) during
the accident received minor injuries. The seat back failed from
impact by the occupant (approximately 60 -= 70 degrees of rotation>
and came to rest on top of the rear seat cushion.

The front seats in the case vehicle were bucket seats with
adjustable headrests. No damage was reported on the headrests.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver
SEX: Female
AGE: 19
HEIGHT: 69 in.
WEIGHT: 155 Ibs.
RESTRAINT USED : Lap/Shoulder Belt but released during crash

INJURIES Als D/1 {¥> PROBABLE SOURCE
Contusion, Forearms | 1 Left Instr. Panel
Contusion, Head | 1 Headrest
Concussion, Head l 1 Headrest

(¥ D/1 Direct/Indirect Injury - (1> Direct Contact Injury

SEAT PERFORMANCE
Driver - Seat back broke from driver impact

MI SC INFORMATI ON
v2 -1977 Olds Cutlass - Weight 4355 Ibs. - Delta V 17 mph

Cace 760
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CASE 98-45-232

CASE VEHICLE: 1984 Chevrol et Spectrum (V2>
CASE VEHICLE WEIGHT: 2314 Pounds
CASE VEHICLE DELTA V: 3¢ mph

Cl RCUMSTANCES

Vehicles 1,2,and 3 were traveling on an interstate highway in the
first lane. Vehicles 2 and 3 had slowed down for traffic
congestion when vehicle 1 struck the rear of vehicle 2 and pushed
it into vehicle 3. afterinitial impact VYirotated clockwise into
vehicle V4“s path of travel in the second lane. Vehicle 2
sustained severe rear end damage. There were four occupants in
the case vehicle. The two front seat occupants were recstrained by
lap/shoulder belte and the two rear seat occupants were restrained
by lap belts. The driver sustained a AIS 2 head injury, the right
front passenger and left rear passenger sustained AlIs 1 (minor>
injuries., and the right rear passenger no injuries. &l 1 occupants
were transported to the hospi tal and released. The driver lost 15
days of work .

The report notes no front seat failure, however the right front
seat appears to be rotated rearward approximately 20 degrees past
i ts normal posi tien. The rear seat was pushed forward by
intrusion, with the seat back resting against the back of the
driver’s seat.

The front seats of the case vehicle were bucket seats with folding
seat backs and adjustable headrests wi th no damage reported.

RESTRAINT ARD | NJURI ES

CASE VEHICLE
SEATING POSITION: DRIVER
SEX: Female
AGE: 30
HEIGHT: 63 in.
WEIGHT: 230 Ibs.
RESTRAINT USED: Lap/Shou 1l der Belt

INJURIES ALS D/1 (¥ PROBABLE SOURCE

Contusion, Head, 2 1 Steering Wheel

W/Memor v Loss
Contusion, Scalp
Contusion, Forehead
Contusion, Right Arm
Contusion, Right Wrist
Contusion, Left Leg
Strain, Back

Head Restraint
Steering Wheel
Steering MWheel
Steering Wheel
Left Instr. Panel
Unknown
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CASE 96-45-232¢ CONT?>

SEAT LOCATION: Right Front
SEX: Female
AGE: 29
HEIGHT: 61 ins.
WEIGHT:2 00 1bs.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES &als DAICED PROBABLE SOURCE
Lacerations, Face 1 3 Flying Glass
Abr ad9is, Face | 1 Head Restraint
Con tusi ons and &brasi ons, 1 7 Unknown
Whol e Body
SEAT LOC&aT I OGN Left Rear Seat

SEX: Male

AGE: 3

RESTRAINT USED: Lap Belt

INJURI ES Al DA% PROBAELE CAUSE
Aabracsi ons and Con tusi ons, | | Seat, intruding
Scalp from rear
Abrasion, Left Ear | 1 seat

SEAT LOCATION: Right Rear
SEX: Female
AGE: 5
RESTRAINT USED: Lap Eel t

NO Injuries

(¥>D/1 Direct/Indirect Injury = (1> Direct Contact Injury, (32>
Noncontact Injury, and (7> Unknown Source

Note: Since this car was involved in multiple impacts, it would be
hard to determine how the driver was forced into the steering
wheel .

SEAT PERFORMANCE

The accident report notes no seat failures, however the right
front seat appears to be rotated approximately 20 degrees beyond
its normal posi tion.
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CASE 90 -45-232 ¢ CONT)

MI SC INFORMATI 0N
Ul - 1978 Chevy Van - Delta V 21 mph

v 3 - 1986 Chevy Van
vd - 1985 Nissan Pulsar

CAsSe 232

- Weight 4209 Ibs.
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CASE 262

CASE WEHI CLE: 1987 Honda Civic (V2>
CASE VEHICLE WEIGHT: 1887 Ibs.
CASE UEHI CLE DELTA V: 38 mph

Cl RCUMSTANCES

Vehicle 2 was stopped in the left lane of a four lane highway
preparing to turn left. Vehicle 1 struck W2 from behind. V2 was
driven accroee both lanes of oncoming traffic, rotating counter
clockwise, and coming to rest against a parked car.

The rear of Wz waes severel y damaged. The driver’s seat back was.
deflected rearward approximately 38 degrees by the impact force.

The unrestrained driver received a fractured pelvis, was
hospital ized seven days, and had not returned to work at the time
the report was released.

The ceate in the case vehicle were bucket seats with folding seat
backe and adjustakle headrests.. There was no reported damage to
the headrests.

RESTRAINT AND INJURIES

CASE UEHI CLE

SEATING POSIT1 ON: Driver
SEX: MALE
AGE: 24
HEIGHT: 73 in.
WEIGHT: 188 1bs.

INJURIES AlS DAL (%) PROBABLE SOURCE
Fracture, Pelvis 7 7 Unknown
Contusion, Arm, Head 1 7 Un I: rnown

(¥> D/1 Direct/Indirect Injury - (7> Unknown Source

SEAT PERFORM&NCE
Driver’s seat deformed by passenger compartment intrusion.

MI SC INFCQRMATION

Vil - 1977 01 ds Omega - Weight 3454 Ibs. - Delta ¥ 22 mph
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APPENDIX D
Thirty-one Rear Impacts
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SUMMARY - FRONT SEAT QCCUPAWT CONTACT OF COMPMENTS FORWSRD OF
QUCUPSNT — &ALl REAR IMPSCT CGAHSES REVIEMED

D THERE MWERE 24 FRONT SEAT QCCUPAMTSES IN THE RESR IMPACT CASES
REVIEWED THAT CONMTACTED COMPOMEMTS FORMWSED OF THE OQCCURANTS,
i.e., STEERIMG WHEEL, WIWOSHIELD, SUMVISOR, MIRROR, SEAT
BELT, ANMD INSTEUMENT PabNEL

0 28 WMERE BELTED &WND 9 MERE UNMRESTRSIMELD

Q 28 WERE I VEHICLES IWWOLVEDR IN MULTIFLE IMPACTS, AND 14 WERE
INUAOLVED IR SIKGLE IMPSCTS

i & SUMaeRY OF THIS VERY LIMITED SAMPLE 15 SHOMW BELOW
EBELTED QUCUPARNTS INRESTRASINED
SIS IMP&CTE - MULTIPLEGMS QR SIMNGLECS)
M = i1 5
1 7 o = =
z 1@ 3 - -

Dt
—
—

0 THE M&JORI T OF THE &1 5 2 &MD 3 INJURIES WERE TO QCCUPANTS IN
MULTI PLE IMP&CTS, | WIMH I CH THE FORM&RD MOT | O GF THE
QUCUPSMT COULD BE IMFLUENCED BY THE SECTOHND (FROMTALIIMPACT
& 5 WELL &S5 THE QCCUPEMT RE BOUND I NG FROM THE SEAT FOLLOWING
THE REAR IMPACT.
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CASE 8%-4 1-008

CASE UEHI CLE: 1989 Chry LeBaron Conver table, 2-Door(VU2)
CASE UEHI CLE WEI GHT: 2860 Ibs.
CASE VEHICLE DELTA V: 15 mph

CIRCUMSTANCES

V1 was traveling on a state road going approximately 45 mph. V2
and V3 were stopped in the left 1 ane. Vlrear ended VY2 on right
rear side. V2 was pushed into U3. WV2received moderate rear
damage.

The case vehicle was being driven with the convertable top down.

The case vehicle was equipped with a driver side air bag. Both
front seat occupants were using their lap/shoulder belts. The air
bag functioned properly although the driver complained of a burn.
The belted right front passenger received three broken ribs from
the shoulder belt and was hospitalized for four days. The right
side window shattered during the crash.

The front seats of the case vehicle were bucket seats with folding
seat backs and adjustable headrests. There was. no r epor ted damage
to the headrests. The driver’s seat rotated approximately 60
degrees aft during the crash.

RESTRA | NT aD I NJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 39
HEIGHT: 71 in.
WEIGHT: 197 1ks.
RESTRAINT USED: Lap/Shoulder Belt t Air Bag

INJURIES AlS D/1¢¥> PROBABLE SOURCE
Strain, Neck | | Seat Belt
Strain, Back ! | Seat Back
Contusion, Thigh ! ! Steering Wheel
Burn, Thigh l 3 Air Bag
SEATING POSITION: Right Front Passenger
SEX: Female
AGE: 42
HEIGHT: 61 in.
WEIGHT: 135 Ibs. s 107

RESTRAINT USED: Lap/Shoulder Belt
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CASE 8%9-41-aa2(CONT)

INJURIES AlS D/TCKD PROBABLE SOURCE

Laceration, Face
Laceration, Thigh
Lacet i on, Leg
Fracture, Three Ribs

3 F1yi ng G1 ass
3 Flying Glass
3 Flying Glass
| Belt Webbing

N — —

(¥>D/1Direct/Indirect Injury = ¢1) Direct Contact Injury, and
(3> Noncontact Injury

SEAT PERFORMANCE
Driver’s Seat - Seat back folding locks failed
Right Front Passenger’s seat = No failure

MI SC INFORMATION

V11982 Chevrolet Station Wagon - 4185 Ibs. = Delta V11 mph
U2 1985 Chevrolet Pickup

890 -4l-008
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C~SE 88-45-0a@9

CASE UEH I CLE: 1979 Mercedes 280 CE, 2-Door (VU2
CASE UEHI CLE WETGHT: 3530 tbs.
CASE UEHI CLE DELTA V¥: 20 mph

CIRCUMSTANCES

Vehicle |l’s brakes failed causing impact the rear of U2, pushing
VZinto U3. VzZand U3 were stopped at a traffic signal. V2‘¢
front seats were bucket seats with folding seat backs. The front
seat headrests were adjustable. There were no reported front seat
or headrest f ai 1 ures. The driver of V21 ost five days work as a
result of the accident.

RESTRAINT AND INJURIES

CASE VEHI CLE
SEATING POSITION: Driver
SEX: Male
AGE: 38
HEIGHT: 71 in.
WEIGHT: 165 Ibs.
RESTRAINT USED: Lap/Shoulder Belt

INJURIES AlS D/1 (%) PROBABLE SOURCE

| Steering Wheel
| Lt.Instr. Panel
2 Steering Wheel
2 Steering Wheel

Face, Abrasion
Knee, Contusion
Head, Concussion
Neck, Strain

—_ N — —

(¥)D/I Direct/Indirect Injury = <¢1> Direct Contact Injury, and
(2> Indirect Contact Injury

SEAT PERFORMANCE

Driver = No failure

Right Front = Unoccupied - No damage
MI SC INFORMATION

U1 1974 Pontiac Grand Prix - Weight 4231 Ibs. = Delta V17 mph

CAse B 8-G5-009
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CASE 88-81-0 18

CASE UEHI CLE: 1983 Mercury Capri, 2-Door(V2
CASE UEHI CLE WE1 GHT: 2775 1 bs.
CASE UEHI CLE DELTA V: 17 mph

CIRCUMSTANCES

Vehicle 1 struck VU2in left rear. The damage to the rear of V2
was moderatel y severe. WV2’s front seats were bucket seats with
folding seat backs. The driver’s seat yielded about 35 degrees
and the right front seat about 40 degrees. The integral headrests
were not damaged. The driver lost three days work as a result of
the accident.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSIT1 ON: Driver
SEX:Femal e
AGE: 39
HEIGHT: 67 in.
WEIGHT: 125 Ibs.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES AIS D/1 ¢(¥) PROBABLE SOURCE
Head, Contusion Unknown
Head, Concussion

Lt. Instr. Panel

7

7 Un kK riown

1

1 Ctr. Instr.Panel

1
2
Knee, Contusion 2
Leg, Contusion 2

SEATING POSITION: Right Front

SEX: Male

AGE: 39

Height: 71 in.

Weight: 185

Restraint Used: Lap/Shou 1 der Bel t
No Injuries

SEATING POSITION: Right Rear
SEX: Femal e
AGE: 39
HEIGHT: 64 in.
WEIGHT: 100 Ibs.
RESTRAINT USED: Lap Belt



CASE 88-8 1-@ 18 CONT?

INJURIES ~1S DA% PROBABLE SOURCE
Head, Laceration 1 3 F1yi ng Gl ass
Chest, Fracture i(3 Ribe) 2 | Front Seat Sack
Pelvis, Fracture 3 7 Unknown

(¥)D/1 Direct/Indirect Injury — (1) Direct Contact Injury, (2
Indirect Contact Injury, (3> Noncontact Injury, and (7> Unknown

Source

SEAT PERFORMANCE
Driver and Right Front Passenger Seats — Deformed by occupant from

front.
Rear Seat - Deformed by passenger compartment intrusion, and also
coded deformed by own inertia.

MI SC INFORMATION
V11373 Chevrolet Impala = Weight 4284 Ibs. = Delta V 13 mph

CASE 83-8I-18

Y/ x>\/Zx>
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CASE 90-76-0 19

CASE VEHI CLE: 1984 Ford Mustang, 2-Door(V1)
CASE VEHI CLE WEIGHT: 2854 1 bs.
CASE VEHICLE DELTA V: 9 mph

CIRCUMSTANCES

Vehicle 1 was in theinside lane waiting to make a left hand turn.
The driver of V2 applied the brakes and skidded into VI. VI
attempted to accelerate away before the impact. VI received
moderate rear damage. The front seats in VI were bucket seats
with folding seat backs. The headrests were adjustable with no

damage. It was reported that both front seat folding locks
failed. The driver’s seat yielded less than 10 degrees and the
right front seat 1 ess than 20 degrees. In an interview the driver

reported he received a hairline rib fracture. The driver of Vi
lost 10 days work and the front seat passencer 6 days. Both V1
occupants used their lap/shoulder bel ts.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 57
HEIGHT: 72 in.
WEIGHT: 210 Ibs.
RESTRAINT USED : Lap/Shcu 1 der Belt

INJURIES AlS D/LC¥D PROBABLE SOURCE
Chest, Fracture 1 7 Unkncown

SEATING POSITION: Right Front Passenger
SEX: Male
AGE: 3 2
HEIGHT: 69 in.
WEIGHT: 14@ lbs.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES AlS D/1 (%> PROBABLE SOURCE
Shou lder, Dislocation 2 7 Unknown

SEAT PERFORMANCE
Both front seats coded seat back folding locks failed.

MISC INFORMATION
V2 1977 Mercury Bobcat - Weight, 2472 Ibs. - Delta V, 12 mph
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CASE 88-46-032

CASE VEHICLE: 1986 Olds Delta 88, 4-Door(V2)
CASE VEHICLE WEIGHT: 3141 Ibs.
CASE VEHICLE DELTA V: 24 mph

CIRCUMSTANCES

Vehicle 1, traveling south, struck rear of V2. V2 rotated
counterclockwise, crossed the median, momentarily stopping with V2
in the left lane of north-bound traffic facing north. V3, in left
north-bound lane struck V2 in rear. V4, traveling in the center
lane of north-bound traffic, was struck on left side by V¥2.V2
contained a split bench front seat with adjustable headrests. It
was noted that the seat back folding locks failed. The photos
showed no yielding. The headrests were not damaged as was the
unoccupied right front seat.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 50
HEIOHT: 72 in.
WEIGHT: 189 Ibs.
RESTRAINT USED: Lap/Shoulder Belt

INJURIES AlS D/1 (%> FROBABLE SOURCE
Head, Concussion 2 2 Windshield
Face, Contusion 1 1 Windshield
Abdomen, Contusion | 1 Seat Belt

Shou 1 der Laceration 1 7 Unknown

Neck, Strain 1 7 Unknown

(¥ D/I Direct/indirect Injury — (1> Direct Contact Injury, (2
Indirect Contact Injury, and (7 Unknown Source

SEAT PERFORMANCE
Driver's — Coded seat back folding locks failed, although photos

showed no seat back yield.
Right Front - Unoccupied = No damage

MI SC INFORMATION

VI 1978 Ford Thunderbird - Weight 4040 1bs. - Delta V 18 mph
V3 1988 Toyota Camry — Weight 2811 Ibs. -~ Delta V 27 mph

V4 1983 Celica GT - Weight 2496 Ibs.
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CASE 838-5@-833

CASE UEHI CLE: 1982 Ul Jet ta, 2-Door (V2
CASE VEHI C.LE WE1 GHT: 1832 Ibs.
CASE VEHICLE DELTA WV: 28 mph

Cl RCUMSTANCES

Vehicles Ul, U2, and V3 were traveling in the same direction when
traffic stopped. WVW3struck ¥2in rear pushing it into V1.V3
rolled over possibly striking Vtin the front. The front seats in
U2 were bucket seats with a folding seat back. The headrests were
adjustable. There was no damage to the seats or headrests.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Female
AGE: 38
Height: 66 in.
Weight: 130 1bs.
Restraint Used: Lap/Shou 1l der Belt

INJURIES AIS DATCX) PROBABLE SOURCE
Chest, Burn 3 3 Battery Acid
SEATING FOSITION: Right Front

SEX: Male

AGE: 4@

RESTRAINT USED: Lap/Shoul der Bel t
No additional information on this occupant
(¥) D/1 Direct/Indirect Injury = (3> Noncontact Injury

SEAT PERFORMANCE
Driver and Right Front — No Damage

MISC INFORMATION
V11987 Jeep Cherokee -~ Weight 2774 Ibs.

V31984 Nissan Pickup - Weight 4328 Ibs. (carrying rocks)
Del ta ¥V 11 mph

CASE 88-80- 033
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CASE 88-50-040

CASE UEHI CLE: 1984 Chevrolet Camero, 2-Door(V2)
CASE VEHICLE WEIGHT: 3054 Ibs.
CASE VEHICLE DELTA V: 25 mph

CIRCUMSTANCES

Vehicle 2 had stopped at a stop sign waiting to turn left. Vi
impacted rear of U2. The front seats of the case vehicle were
bucket seats with folding seat backs. Both front seats were coded
seat back folding locks failed. Photos show about a0 degrees of
yield on both front seats. Both the driver’s and right front seat
headrests were damaged. The rear seat was deformed by passenger
compartment intrusion.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Male
AGE: 17
HEIGHT: 73 in.
WEIGHT: 204 Ibs.
RESTRAINT USED : Lap/Shou der Belt

INJURIES AlIS D/ (%) PROBABLE SOURCE

Head, Laceration
Head, Concussion
Head, Contusion
Face, Laceration
Abdomen, Contusion

F1vyi ng Gt ass
Un known
Unknown

F1yi ng G ass
Steering Wheel

— e e N
0NN W

SEATING POSITION: Right Front
SEX: Male
AGE: 17
HEIGHT: 67 in.
WEIGHT: 140 Ibs.
RESTRAINT USED: Lap/Shoul der Belt

INJURIES AlS D/TC¥D PROBABLE SOURCE
Head, Concussion 2 7 Unknown
Face, Unknown Lesion 2 7 Unknown
Face, Laceration 2 7 Unknown
Head, Laceraton 1 7 Unknown
Face, contusion 1 7 Unknown
Ankle, Laceration 1 7 Unknown
= 17
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CASE 8&-S@-04a < CONT)

SEATING POSITION: Left Rear
SEX: Male
AGE 16
HEIGHT: 72 in.
WEIGHT: 170 Ibs.

RESTRAINT USED : Lap Belt
INJURIES AlS
Neck, Strain 1
Head, Laceration 1

SEATING POSIT1 ON: Right Rear
SEX: Male
AGE: 15
HEIGHt: 74 in.
WEIGHT: 175

RESTRAINT USED: Lap Belt

INJURIES AlS

Face, Laceration |

Face, Contusion |

Neck, Strain |

Neck, Laceration |

Back, Strain |

(¥) D/

Injury, ¢3» Noncontact Injury,

SEAT PERFORMANCE

D/IC¥)

D/

W ~Nw~~

PROBABLE SOURCE

Impact Force
Unknown

PROBABLE SOURCE

Unknown
Unknown
Noncontact
Unknown
Noncontact

Direct/Indirect Contact Injury = (1> Direct Contact
and (7 Unknown Source

Driver and right front—- Coded seat back folding locks failed
Rear Seat — Deformed by passenger compartment intrusion

MI SC INFORMATION

U11983 GMC Sierra Pickup - Weight 2645 Ibs. — Delta V 22 mph

Cass 838-50- 040

\/ID

Seats FO//OQ)Iﬂ_g I mpa ct
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CASE 88-72-040

CASE VEHI CLE: {962 Toyota Ceoroll a, 2-Door(V2)
CASE VEHI CLE WE1 GHT: 2299 1 be.
CASE VEHICLE DELTA V: 12 mph

CIRCUMSTANCES

Vehicles tand 2 were traveling in the ame direction when V2
slowed down due to slowed traffic and was rear ended by V1.

V2 suffered light rear damage. It was reported that V2’s driver’s
seat was deformed by the occupant from the front and the seat back
folding locks failed. Photos show only about 10 degrees of yield.
There was no damage to the adjustable headrests or the unoccupied
right front seat. The VY2 driver was hospitalized for one day and
lost ten days work. It was reported that the driver wore his seat
belt 1 oosel vy.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 42
HEIGHT: 70 in.
l WEIGHT: 170 Ibs.
RESTRAINT USED: Lap/Shoulder Belt — Worn Loosely

INJURIES AlIS D/1 (%) PROBABLE SOURCE

Windshield
Steering Wheel
Lt.Instr. Panel
Windshield
Noncontact

Head, Concussion
Face, Laceration
Knee, Contusion
Face, Contusion
Neck, Strain

e e N
W = = N

(¥)D/1 Direct/Indirect Injury - (1) Direct Contact Injury, (2
Indirect contact Injury, and (3> Noncontact Injury

SEAT PERFORMANCE
Driver Seat - Seat back fol dng locks failed and deformed by impact

of occupant from front.
Right Front - Unoccupied - no damage

MISC INFORMATION
V11976 Pontiac Firebird — Weight 2299 Ibs. Delta V 8 mph

Cace 88-72-40

SRR .
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CAHSE 45-855

CASE VEHICLE: 1979 Dodge St. Regis, 4-Door (VZ)
CASE VEHICLE WEIGHT: 3710 Its.
CASE VEHICLE DELTA V: 8 mph

CIRCUMSTANCES

Vehicle 1 struck V2 in rear as they were approaching intersection.
Uz7e front seat was a bench seat with adjustable headrest. There
was no reported damage to the seat or headrest. WY2‘s driver
claimed loss of consciousness. No head injury was noted. He
spent three days in the hospital and was out of work for over &1
days. This case is hard to explain concideringthe 8 mph delta V.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 26
HEIGHT: 67 in.
WEIGHT: 145 Ibs.
RESTRAINT USED: Lap/Shoulder Belt

INJURIES AlIS DATC¥D PROBABLE SOURCE
Head, Concussion 3 7 Unknown
Neck, Strain | 7 Unknown
Back, Strain 1 7 Unknown

(¥ D/ Direct/Indirect Injury = ¢1> Direct Contact Injury, (7>
Unknown Source

SEAT PERFORMANCE
Driver = No Failure

MISC INFORMATION
V11987 Ford Escort — Weight 2222 Ibs. — Delta V 11 mph

CAage 8g- 95 ©655
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CASE 90-9-056

CASE VEHICLE: 1988 Volvo 740 GLE, 4-Door (2’
CASE VEHICLE WEIGHT: 2930 1bs
CASE VEHICLE DELTA V: 17 mph

CIRCUMSTANCES

Vehicles 2 and 3 were stopped at a traffic signal. WVirear ended
V2 and pushed it into V3. The case vehicle received moderate rear
damage. The frontal damage of V2 appeared as severe as the rear
impact damage. Both case vehicle occupants were using seat belts.
The case vehicle contained bucket seats with integral headrests.
There was no reported headrest damage. Both front seats rotated
aft approximately 30 degrees. The driver received a chest
fracture and was hospitalized for four days.

RESTRAINT AND INJURIES

CASE 'JEHICLE
SEATING POSITION: Driver
SEX: Female
AGE: 34
HEIGHT: 63 in.
WEIGHT: 134 1be.
RESTRAINT USED: Lap/Shoulder Bel't

INJURIES AIS D/TCX) PROBABLE SOURCE

Steering Wheel
Steering Wheel Hub
Seat Belt Webbing
Transmission Lever
Belt Webbing

Bel t Webbing
Steering Wheel

Contusion, Face
Contusion, Chest
Contusion, Abdomen
Contusion, Forearm
Contusion, Lt Thigh
Contusion, Rt Thigh
Fracture, Chest

N — bt — — —
[SU DU N VO

SEATING POSITION: Right Front Passenger
SEX: Male
AGE: 24
HEIGHT: 71 in.
WEIGHT: 235 Ibs.
RESTRAINT USED: Lap/Shoulder Belt

INJURIES AlS D/1C¥D PROBABLE SOURCE
Contusion, Lower Limbs 1 | Rt. Instr. Panel
Strain, Neck 1 1 Headrest
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CARSE 98-9-0S& CONTH

SEAT PERFORMANCE
Driver’s Seat -~ Reclining Lock Failed
Right Front Passenger “s - Deformed by impact of occupant

MISC INFORMATION
V11986 Honda Accord - Weight 2579 1 bs. —= Del ta ¥ 20 mph
V3 1988 GMC Suburban 2500 - Weight 4816 Ibs.,

Seats Followrng Impac+
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CASE 90-80-063

CASE VEHI CLE: 1985 Chevrolet Chevette, 2-Door(U2)
CASE VEHICLE WEIGHT: 2090 Ibs.
CASE VEHICLE DELTA V: 14 mph

CIRCUMSTANCES

Vehicle 2 had stopped in the roadway for another vehicle which had
spun out of control . WVistruck V2 in rear. V2 was pushed into
and contacted a guard rail with its left front. Both cars were
towed and both occupants of V2, the case vehicle, were transported
to the hospital. The case vehicle contained bucket front seats
with folding seat backs with no reported damage. The head
restraints were integral with the seat with no damage. V2’s
occupants were using their lap/shoulder belts. The right front
passenger was hospitalized for 10 days and lost 14 days of work.
The report noted severe rear end damage to V2 but photos show

mi nor damage.

RESTRAINT AND INJURIES

CASE ‘JEHI CLE
SEATING POSITION: Driver
SEX:Female
AGE: 27
Height: 63 in.
WEIGHT: 106 tbe.
RESTRAINT USED: Lap/Shcul der Belt

INJURIES AlS D/ PROBABLE SOURCE
Neck, Strain 1 7 Unknown

SEATING POSITION: Right Front Passenger
SEX: Male
AGE: 27
HEIGHT: 66 in.
WEIGHT: 150 Ibs.
RESTRAINT USED : Lap/Shoul der Belt

INJURIES Als D/1 (% PROBABLE SOURCE
Head, concussion 2 7 Unknown
Neck, Strain 1 7 Unknown

(¥) D/1 Direct/Indirect Injury = (7> Unknown Source

SEAT PERFORMANCE
No Fai 1 ures

Wy



CASE 78-88-043(CONT?

MI SC INFORMATION
V11914 Pontiac Grand Am - kWeight, 2791 Ibs.. ~ Delta V, 10 mph

Carse 90-80-0O063
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CASE 88-18-8484&

CASE VEHICLE: 1986 Li ncaln Continental , 4-Door <(U2)
CASE VEHICLE WEIGHT: 3778 lbs.
CASE VEHICLE DELTA V: 16 mph

CIRCUMSTANCES

Vehicle 1 stopped in first lane of a. four lane road for a disabled
vehicle. VI struck V2 from behind. The V2 driver was transported
to the hos.pi tal. There was moderate damage to the rear of V2.
The front seats in V2 were bucket seats. The headrests were
adjustable with no damage. The driver’s seat was coded deformed
by impact of the occupant from the front. A review of the photos
showed very 1 i ttle deformation, approximatel y 15 degrees. The
unoccupied right front seat was undamaged. Al though it was
recorded that the driver rceived a concussion, he only missed one
day of work.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 58
HEIGHT: 72 in.
WEIGHT: 210 Ibs.
RESTRAINT USED: Lap/Shou 1 der Bel t

INJURIES AlS D/1C¥) PROBABLE SOURCE
Head, Concussion 2 1 Seat Back
Neck, Strain 1 2 Seat Back

(¥>D/1Direct/indirect Injury - (1) Direct Contact Injury, and
(2) Indirect Contact Injury

SEAT PERFORMANCE
Driver’s Seat - Deformed by impact of occupant from front
Right Front - Unoccupied - No damage

MISC INFORMATION
V11978 Ford Thunderbird - Weight 4214 Ibs. -~ Delta V 15 mph

CAse 88-10-Oop ! 125
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CASE 88-4 1-073

CASE UEHI CLE: 1987 Ford Taurus, 4-Door (U2)
CASE UAHICLE WEIGHT: 2877 1 bs.
CASE UEHI CLE DELTA V: 28 mph

CIRCUMSTANCES

Vehicle 1 was travel ing in the center 1 ane. W2 and V3 were
stopped at an intersection. WVlentered V27s lane and struck V2Zin
rear. WVUlrotated 90 degrees counterclockwise where right side of
Ulstruck rear of U3. V2‘s front seats were bucket seats with
folding seat backs. The headrests were adjustable with no damage
reported. The drivers seat was slightly deformed. The right rear
passenger died following the accident. The rear sear was deformed
by intrucicnfrom the rear. The driver spent four days in the
hospital and the right front passenger spent eight days in the
hospital

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver

SE><: Male

AGE: 52

RESTRAINT USED: Lap/Shou 1 der Belt
INJURIES Als DATCED FPROBABLE SOURCE
Head, Concussion 2 7 Unknawn
Back, Strain | 7 Unl:rnown

SEATING POSITION: Right Front
SEX: Male
AGE: 7%
RESTRAINT USED : Lap-/Shcu 1 der Belt

INJURIES AlS D/ICX) PROBABLE SOURCE

Face, Abrasion | 1 Rt. Instr.Panel
Face, Contusion | | Rt. Instr. Panel
Chest, Fracture 3 | Seat BRelt
Head, Contusion 2 7 Unknown
Back, Strain | 7 Unknown
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CASE 4 1-873(CONT)

SEATING POSITION: Left Rear
SEX: Female
AGE: 4700
RESTRAINT USED: None

INJURIES AIS D/1 (%> PROBABLE SOURCE
Back, Strain 1 2 Seat Back
Knee, Contusion 1 1 Front Seat Back

SEATING POSITION: Center Rear
SEX: Female
AGE: 746
RESTRAINT USED : None

INJURIES AlS D/I1 (%> PROBABLE SOURCE
Pelvis, Fracture 3 1 Seat Back
Face, Laceration [ 7 Unknown
Forearm, Fracture 2 7 Unknown
Head, Concussion 2 7 Unknown
Chest, Fracture 2 7 UnkKnown
Abdomen, Contusion 1 i Seat Back
SEATING POSITION: Right Rear

SEX: Female

AGE: 76

HEIGHT. 62 in.

WEIGHT: 138 Ibs.

RESTRAINT USED : None
INJURIES Aals D/TC%D PROBABLE SOURCE
Back, Total Severance 5 I Seat back
Abdomen, Laceration 4 1 Seat Back
Chest, Fracture 4 1 Seat Back
Head, Lesion Unknown 3 I Seat Back

(X D/I Direct/Indirect Injury - (1) Direct Contact Injury, (2
Indirect Contact Injury, (3> Noncontact Injury, and (7> Unknown
source

SEAT PERFORMANCE

Driver - Deformed slightly by occupant from front.
Right Front - No fai 1 ure

Rear Seat - Deformed by compartment intrusion

MI sc INFORMATI ON
V11988 Ford Mustang — Weight 2782 Ibs. — Delta v 30 mph
V3 1985 Toyota Pickup
127



CASE 4 1-873{ CONT>

C_

Seats Follp WG I ot




CASE 98-12-876

CASE UEHI CLE: 1988 Chevrolet Caprice Classic(V1)
CASE VEHICLE WEIGHT: 3654 Ibs.
CASE VEHICLE DELTA V: 16 mph

CIRCUMSTANCES

Vehicle 1 was traveling on a wet two lane highway. The vehicle
left the road travel ing backwards through a grassy median striking
the back of a longitudinal barrier with its right rear corner and
then striking its left rear corner with a highway sign post. Both
passengers were belted. The right front passenger was asleep,
woke up, put his feet on the IF to avoid hitting the windshield.

The front seats were bucket seats with folding seat backs. Both
seats were deformed rearward by the occupants, the driver’s seat
approximatel y 25 degrees, and the right front passenger’s seat 30
degrees. The rear of the vehicle was severely damaged in the
crash. The headrests were adjustable with no damage.

RESTRAINT AND I NJUR | ES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Male
AGE: 57
HEIGHT: 70 in.
WEIGHT: 1é8 tbe.
RESTRAINT USED: Lap/Shou’ der Eel ts

INJURIES AlS D/ (%) PROBABLE SOURCE

Laceration, Face [
Contusion, Head 2
Contusion, Shoulder 2
Concussion, Head 2

Flyi ng G1 ass

Lt. "B"Pillar
Lt. "B"Pil1lar
Lt. "B" Pi 11 ar

— e W

SEATING POSITION: Right Front Passenger
SEX: Male
AGE: 48
HEIGHT: 69 in.
WEIGHT: 1é8@ Ibs.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES AlIS D/IC¥) PROBABLE SOURCE
Strain, back | | Seat Back

(¥>D/1Direct/Indirect Injury =<¢1>Direct Contact Injury, (2)
Indirect contact Injury, and (3 noncontact Injury
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CASE 8- 12-87&8(C CONT)

SEAT PERFORMANCE
Driver’s and Right Front Passenger’s Seat - Deformed by impact of
occupant
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CASE &838-77-47%

CASE VEHICLE: 1982 UW Scirocco, 2-Door(V1)
CASE VEHICLE WEIGHT: 2159 Ibs.
CASE VEHICLE DELTA V: I7 mph

CIRCUMSTANCES

Vehicle 1 had stopped in traffic when hit in the rear by U2.

Ut received moderately light rear damage. The front seats in V1
were bench seats with folding seat backs. The headrests had been
removed. There was no seat damage. There was no interior photos
taken. Wireceived moderately light rear damage.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING FOSITION: Driver
SEX: Male
AGE: 35
HEIGHT: 70 in.
WEIGHT: 195 Ibs.
RESTRAINT USED: Lap/Shoulder Belt

INJURIES AlS D/1 (¥ PROBABLE SOURCE
Neck, Strain 1 [ Headrest
Head, Concussion 2 7 Unknown

(¥) D/ Direct/InditectiInjury - 1) Direct Contact Damage, and
(7> Unknown Source

SEAT PERFORMANCE
No seat failure

MISC INFORMATION

V21975 Chevrolet Nova - Weight 3416 Ibs. = Delta V12 mph

Carses 88-77-79
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CASE 88-10-092

CASE VEHI CLE: 1977 Chevrolet Chevette, 2-Docor{(V2)
CASE VEHI CLE WE1 GHT: 2019 Ibs.
CASE VEHICLE DELTA V: 14 mph

CIRCUMSTANCES
Vehicles 2 and 3 were stopped at a traffic signal. Vi impacted V2

from behind and pushed V2 into V3. The V2 driver was transported
to the hospital for a knee injury. V2 received very moderate

damage to the rear. Both V2 occupants were using their
lap/shoulder belts. The driver of V2 tore his knee ligimates on
the dash panel. The seats in V2 were bucket seats. with folding

seat backs. The headrests were integral with the seat. No damage
was reported to the seats or headrests. The driver of V2 lost two
days work. The occupants had bad head aches. and were coded
concussions.

RESTRA I NT AND I NJUR I ES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Female
AGE: 26
HEIGHT: 68 in.
WEIGHT: 150 Ibs.
RESTRAINT USED : Lap/Shoulder Bel ts

I NJUR I ES AlS D/1C% PROBABLE SOURCE

Headrest
Lt.Instr. Panel
Lt.Instr. Panel
Seat Back

Head, Concussion
Knee, Contusion
Knee, Laceration
Back, Strain

— QD — =
N — pa —

SEATING POSITION: Right Front
SEX: Male
AGE: 38
Height: 72 in.
WE1 GHT: 230
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES AlS D/1 (¥ PROBABLE SOURCE

Neck, Strain 1 2 Windshield
Head, Concussion 1 1 Windshield

(¥>D/1 Direct/Indirect Injury = <1> Direct Contact Injury, (2
Indirect Contact Injury, and ¢3> Noncontact Injury
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CASE 88-18-892 (CONT>
SEAT PERFORMANCE

Nco seat damage

MISC INFORMATION

V11965 Plymouth Barracuda - Weight 29S@ Ibs. — Delta V11 mph
VU3 1986 Chevrolet Cavalier — Weight 2387 1bs

Cass S&-r0- OS2
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CASE 88-45- 103

CASE VEHICLE: 1ga VW Rabbit, 2-Door (V2
CASE UEHI CLE WEL GHT: 1810 Ibs
CASE VEHICLE DELTA V: 42 mph

CIRCUMSTANCES

Vehicle 2 stopped to turn left. WVirear ended U2. WV2rotated
coun terc 1 ockwi se and crossed two 1 anes of traffic into the parking
lot which it was attempting to turn into. WV2received severe rear
damage. WVZ contained bucket front seats with folding seat backs
and adjustable headrests. The driver of the case vehicle spent
one day in the hospital and lost 5 days work. The right front
passenger died following the accident. The right rear passenger
was in the hospital over 21 days. The driver’s seat appears to
have yielded about 30 degrees.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 17
HEIGHT: 70 in.
WEIGHT: 145 Ibs.
RESTRAINT USED: Automatic Shoulder Bel t

INJURIES AlS W I PROBABLE SOURCE
Head, Laceration 1 7 Unknown
Face, Laceration ! 1 Steering Wheel
Shou 1 der, Contusion | 7 Unknown

SEATING POSITION: Right Front
SEX: Male
AGE: 44
HEIGHT: 70 in.
WEIGHT: 150 Ibs.
RESTRAINT USED: Automatic Shoulder Bel t

INJURIES Als D/1 (%) PROBABLE SOURCE
Neck, Fracture 2 3 Noncontac t
Unknown, 7 7 Unknown

Died following accident - Cirtificate of death 1 ists multiple
internal injuries.
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CASE 45-1032(CONT>

SEATING POSITION: Right Rear
SEX: Female
AGE: 18
HEIGHT: 66 in.
WEIGHT: 130 Ibs.
RESTRAINT USED: Lap Belt

INJURIES AlS D/1 (%) PROBABLE SOURCE

Headrest

Front Seat Back
Front Seat Back
Front Seat Back

Face, Laceration
Chest, Contusion
Chest, &brasion
Knee, Contusion

e NN e
W W W — — — —

Pelvis, Fracture Seat Back
Back, Fracture Seat Back
Chest, Fracture Seat Back

(¥x)D/1 Direct/Indirect Injury = <¢1> Direct Contact Injury, (2)
Indirect Contact Injury, (3> Noncontact Injury, and (72> Unknown
Source

SEAT PERFORMANCE

@river and right front seats coded no failure but driver’s seat
had yielded approximately 30 degrees. ‘
Rear bench seat deformed by passenger compartment intrusion.

MI SC INFORMATION
V11986 Ford Mustang — Weight 3140 Ibs. - DELTA Vv 28 mph

CAss 38-945-/103 ny

Seats Following Impac+



CASE 88-9-11

0

CASE VEHICLE:
CASE UEHICLE WEIGHT: 2201 1bs.
CASE VEHICLE DELTA U: 25 mph

CIRCUMSTANCES

1986 Ford Escort, 4-door (VU2

Vehicles 2 and 3 had slowed down for a traffic signal. V!l struck

VU2 from behind pushing it into U3.

V2 received severe rear

damage. The driver and right front bucket seats were deformed by
the impact of the occupants from the front. There was no damage
to the front seat adjustable headrests.

approximately 40 degrees.

Both front seats deformed

The driver received a concussion,

spent one day in the hospital and lost four days work. The right
front passenger also lost four days work.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver

SEX: Fe

male

AGE: 25
HEIGHT: 70 in.

WEIGHT: 145 Ibs.

RESTRAINT USED: Lap/Shoulder Belt

INJURIES

Head, Concussion
Face, Contusion
Face, Laceration
Forearm, Contusion
Knees, Contusion

Neck, Strain

AIS D/TC%)
2 1
| |
| 1
| 7
| 1
| 3

SEATING POSITION: Right Front
SEX: Male
AGE: 32
HEIGHT: 75 in.
WEIGHT: 180

INJURIES

Back, Abrasi

on

Ibs.
RESTRAINT USED: Lap/Shoulder Belt
Aals D/1 (%)
1 1
1 7

Elbow, Contusion

(¥) D/1 Direct/Indirect Injury

Noncontact

Injury,

and ¢7) Unknown Source

PROBABLE SOURCE

Steering Wheel
Steering Wheel
Steering Wheel
Unknown
Steering Wheel
Impact Force

PROBABLE SOURCE

Own Clothing
Unknown

(1> Direct Contact Injury, (3
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CASE 88-%- 110 ( CONT?

SEAT PERFORMANCE
Both front sats deformed by impact of occupants from front

MISC INFORMATION
V11987 Chevrolet S-10 Pickup, Weight 2566 Ibs., Delta V 23 mph
V3 1980 Mazda 626, Weight 2595 Ibs.

' CASE 858-5-110

| Vi vz v

' Sects Fo //Ou)//'lg I/’}7POC‘/L
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CASE 90-12-129

CASE UEHI CLE: 1985 Buick Skyhawk, 2-Door (V2
CASE UEHI CLE WE1 GHT: 2400 Ibs.
CASE VEHICLE DELTA V: 15 mph

CIRCUMSTANCES

Vehicle 1, traveling on a two lane road, impacted rear of VY2 which
was stopped, waiting for a left turning vehicle. V2 was pushed
into V3 which was also stopped. WY1and V2 were towed. The
occupants of VU2 and VY3 were belted. The occupants of V2 were
transported for treatment, V2 received moderate rear damage.

The front seats in V2 were bucket seats with folding backs. The
headrests were adjustable with no reported damage.

The driver’s seat rotated approximately 45 degrees aft during the
accident.

The four year old occupant in the left rear seat received an AIS 3
injury, coded a “burn”, from the back of the driver’s seat.
However, the report noted head trauma, seizures present, suspected
brain contusion from front seat back, for this occupant.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX : Femal e
AGE: 31
HEIGHT: 65 in.
WEIGHT: 133 Ibs.
RESTRAINT USED: Lap/Shoulder Betl t

INJURIES AlS D/ICXD PROBABLE SOURCE

Abrasion, Head
Contusion, Pelvis
Contusion, Thigh
Contusion, Face
Contusion, Head
Contusion, Elbow

Steering Wheel Hub
Transmission Lever
Steering Wheel
Steering Wheel Hub
Headrest

Lt. Side Interior

— = s s s

SEATING POSITION: Left Rear
SEX: Female
AGE: 4
HEIGHT: 44 in.
WEIGHT: 24 Ibs.
RESTRAINT USED: Lap Bel t



N )

CASE 9@-12-129(CIONT)

INJURIES AlIS D/1C%) PROBABLE SOURCE
Burn, Head 3 1 Front Seat Back
Contusion, Face 1 1 Front Seat Back

SEATING POSITION: Right Rear
SEX:Female
AGE: 5
HEIGHT: 47 in.
WEIGHT: 43 Ibs.
RESTRAINT USED: Lap Belt

INJURIES AIS D/1(Xx) PROBABLE SOURCE
Abrasion , Head 1 1 Seat Back
Contusion, Whole Body 1 7 Unknown

(¥)D/1 Direct/Indirect Injury = <> Direct Contact Injury, (3
Noncontact Injury, and (7> Unknown Source

SEAT PERFORMANCE

Driver’s Seat - Seat Track/Z/Anchor Failure - Deformed by Occupant
Right Front Passenger — Unoccupied, No Fai 1 ure
Rear Seat - No Recorded Failure

MISC INFORMATION
VUl - 1974 Plymouth Fury - Weight 4315 Ibs. = Delta V8 mph
U3 - 1987 Chevrolet S-10 Pickup

Crse 90-/12-/29

.

Drvers Seat Following .Z}nload'
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CASE 89-1 I-141

CASE VEHICLE: 1989 Ford Probe, 2-Door (V2)
CASE UEHI CLE WE1 GHT: 2715 Ibs.
CASE UEHI CLE DELTA V: 25 mph

CI RCUMSTANCES

Vehicles VY2 and V3 were stopped in a left turn lane. WVlrear
ended V2 pushing it into U3. VUt and V2 were towed from the scene
due to damage. V2 was drivable. V2 sustained moderate rear
damage. The belt restrained driver of VY2 was transported to the
hospi tal and released. She lost three days work.

The front seats in the case vehicle were bucket seats. with folding
seat backs. The headrests were adjustable with no reported
damage. Although there was no reported seat failure, the driver’s
seat appeared tilted rearward a few degrees further than the right
front sear passenger’s seat.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSIT1 ON: Driver
SEX: Female
AGE: 30
Height: 66 in.
WEIGHT: 135 Ibs.
RESTRAINT USED : Lap/Shou 1 der Belt

INJURIES AIS DAT (%) PROBABLE SOURCE

Concussion, Head
Abrasion, Knee

Abrasion, Face

Contusion, Face
Contusion, Elbow
Contusion, Knee
Contusion, Chest

Steering Wheel
Ctr. Instr. Panel
Steering Wheel
Steering Wheel

Tr an s . Lever

Ctr. Instr. Panel
Seat Belt Webbing

—_ = N
— s s s s e

(¥>D/1 Direct/InridectInjury —-<¢1)Direct Contact Injury

SEAT PERFORMANCE
No reported seat failure

MI SC INFORMATION
V11985 Plymouth Voyager = 2770 Ibs. - Delta ¥ 24 mph
V3 1984 Ford Tempo - 2373 1 bs.
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CASE g%-11-141 (CONT>

Caszs 8S-11-14/
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CASE 96-77- 151
CASE VEHI CLE: 1989 Ford Taurus, 4-Door (V2

CASE VEHI CLE WE1 GHT: 2901 Ibs.
CASE VEHICLE DELTA V: 20 mph

CIRCUMSTANCES

Vehicles Vi, V2, and V3 were traveling in median lane of a two-way

traffic-way with a reverse lane. V3 stopped for traffic and V2
had sl owed down. WVirear ended V2 and pushed V2 into V3 causing
minor damage to V3. WV1and V2 were towed. The occupants of V2
were transported to the hospital. V2 received severe underride
damage. The occupants of V2 were using their lap/shoulder belts..
The front seat in V2 was a spl it bench seat with adjustable

headrest. There was no front seat or headrest damage reported.

RESTRAINT AND INJURIES

CASE VEHICLE

SEATING POSIT1 ON: Driver
SEX: Femal e
AGE: 64
HEIGHT: 43 in.
WEIGHT: 135 ibs.

INJURIES AIS D/TC%) PROBABLE SOURCE
Knees, Contusion 1 1 Lt. Instr. Panel
Arms, Contusion 1 7 Unknown

Chest, Contusion 1 1 Steering Wheel
Neck, Strain 1 1 Headrest

Head, Contusion 1 1 Headrest

Head, Concussion 2 1 Headrest

SEATING POSITION: Right Front Passenger
SEX : Fema 1 e
AGE: 55
HEIGHT: 63 in.
WEIGHT: 150 Ibs.

No Reported Injuries

(¥ D/1 Direct/Indirect Injury - (1> Direct Contact Injury, and
(7> Unknown Source

SEAT PERFORMANCE
No Repor ted Fai 1 ures
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CASE 80-77-151<CONT>

MISC INFORMATION
V11781 Honda Civic — Weight, 1113 1bs. - Delta V, 33 mph

V3 1987 Plymouth Sundance

5
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CASE 88-11-155

CASE VEHICLE: 1982 Olds Toronado, 2-Door¢VZz)
CASE VEHICLE WEIGHT: 3700 Ibs.
CASE VEHICLE DELTA V: 17 mph

CIRCUMSTANCES

Vehicle 2 stopped in inside lane of a four lane divided highway
due to traffic jam. WVthit V2 in rear. V2 was severely damaged
in rear. WV2’s front seats were split bench with adjustable
headrests. The headrests were not damaged. The front seat
yielded aft approximately 40 degrees. There was no " Occupant
Injury Form" in the file for the right front passenger. However,
the case summary indicates neck strain, AIS 1, from impact force.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSIT1 ON: Driver
SEX: Female
AGE: 43
HEIGHT: 64 in.
WEIGHT: 118 Ibs.
RESTRAINT USED: Lap/Shoulder Belt

INJURIES AlS D/ICE) PROBAEBLE SOURCE
Neck , Strain | 2 Headrest
SEATING POSITION: Right Front

SEX:mal e

AGE: 14

HEIGHT: 44 in.
WEIGHT: 100 Ibs.
RESTRAINT USED: Lap/Shoulder Belt

No Injury Sheet

SEATING POSITION: Left Rear
SEX: Male
AGE: 12
HEIGHT: 60 in.
WEIGHT: 78 Ibs.
RESTRAINT USED: None

INJURIES AlS D/1 (%) PROBABRLE SOURCE

Neck, Strain ! 3 Impact Force
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CASE 88-11-155( CONT)

SEATING POSITION: Right Rear
SEX: Femal e
AGE: 16
HEIGHT: 65 in.
WEIGHT: 110 1b=s.

. None

RESTRAINT USED
INJURIES AlS
Head, Laceration 2

Head, Concussion |

D/1(¥> PROBABLE SOURCE

3 Hair caught and
pulled by impact
force

2 Seat back

(x> D/1 Direct/Indirect Injury = (1) Direct Contact Injury, (2
Indirect Contact Injury, aand (3) Noncontact Injury

SEAT PERFORMANCE

Driver and right front seats deformed by impact of occupants from

front.

Rear seat — Deformed by compartment intrusion.

M1 SC INFORMATION

V11982 Ford Escort - Weight 2089 1bs. - Delta V 31 mph

CArse 82-1]-155

_
Seats Following Impact




CASE 90-09-158

CASE VEHICLE: 1989 Toyota Camry, 4-Door(V2)
CASE VEHICLE WEIGHT: 3240 Ibs.
CASE VEHICLE DELTA V: 9 mph

CIRCUMSTANCES

Vehicles 1, 2, and 3 were proceeding through an intersection, at
low speed, same lane, and same direction. An emergency vehicle
crossed their path aand Vi came to an abrupt stop. V2 impacted V1
from the rear. V3 then impacted V2 from the rear. There was
minor danage to the front and rear of V2. The driver and right
front bucket seats were not damaged. The four doors remained
operational. There was no headrest damage. The driver used the
automatic shoulder belt and the manual lap belt. The driver of
V2 claimed loss of consciousness for three minutes. He had no
head injury. He lost two days of work.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 26
HEIGHT: 68 in.
WEIGHT: 125 lIbs.
RESTRAINT USED: Automatic Shoulder Belt + Mauual Lap Belt

INJURIES Als D/1C%) PROBABLE SOURCE
Neck, Strain 1 2 Sunvisor
Head, Concussion 2 1 Sunvisor

(¥>D/1 Direct/Indirect Injury - <¢1) Direct Contact Injury, and
(3 Noncontact Injury

SEAT PERFORMANCE
Driver and unoccupied right front passenger seate — No damage

MISC INFORMATION
V11990 Dodge Ram Passenger Van
V3 1984 Audi 48885 - Weight, 2146 Ibs. — Delta V, 8 mph

CASE 90-90-/58

! r— 146
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CAHSE 88-72-15%

CASE VEHICLE: 1982 Dodge Colt, 4-Doar (V2>
CASE VEHICLE WEIGHT: 1953 1 be .
CASE VEHICLE DELTA V: 24 mph

CIRCUMSTANCES

Vehicle 1, unoccupied and out of gas, was stopped on roadway. V2
struck Y1and in turn was struck by v3. The front seats in V2
were bucket seats with folding seat backs. Both were undamaged.
The seats contained adjustable headrests. V2 received moderately

severe damage.
RESTRAINT AND INJURIES

' CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 25
l HEIGHT: 71 in
WEIGHT: 150 Ibs.
l RESTRAINT USED: Lap/Shoulder belt

INJURIES AlS DATCXD PROBABLE SOURCE

Head, Concussion 3 7 Unknown
Face, multiple lacerations | 7 Unknown
Whole Body, Contusions ! 7 Unknown

(¥) D/1 Direct/Indirect Injury, (1> Direct Contact Injury, (33
Noncontact Injury, ¢7> Unknown Source

SEAT PERFORMANCE
Driver and unoccupied right front — No failure.

MISC INFORMATION

V1 - 1977 Buick Riviera - Weight 3917 Ibs.
v 3 -1986 Pontiac Sunbird - WEIGHT 2347 Ibs. = Delta V 1?2 mph

ChAse 88-72-189
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CASE 88-10-160

CASE VEHI CLE: 1980 Ford Pinto, 2-Door(V1)
CASE VEHICLE WEIGHT: 2488 1 bs.
CASE VEHICLE DELTA V: 48 mph

CIRCUMSTANCES

Vehicle 1 was traveling in the first lane of an ice covered

hi ghway . V1 hit ice on bridge approach and spun a number of
times. V2 impacted VY1in rear. WVilburst into flames. V2 was
also engulfed in flames from resting against Y1. The driver of V1
was transported to a burn facility where he died from cardiac
arrest thirteen hours after the accident. The V2 driver was
hospitalized for burns. WVireceived very severe rear damage. The
Vidriver was not in the habit of using the seat bett. The
drivers seat in V1 was a bucket seat with folding back coded no
failure. However it was burned by the fire. The driver’s head
rest was the adjustable type damaged in the accident,

RESTRA I NT AND INJURIES

CASE UEHI CLE

SEATING POSITION: Driver
SEX: Male
AGE: 19
HEIGHT: 73 in.
WEIGHT: 200 Ibs.
RESTRAINT USED: None

INJURIES Als D/1 (¥ FROBARLE SOURCE
Head, Concussion 5 7 Unknown

Burn 1 3 Fire

Abdomen, Laceration 2 7 Unknown

Neck, Fracture 2 7 Unknown

Pelvis, Laceration 2 7 Unknown

(¥) D/ | Direc/IndirectlInjury =<(1)Direct Contact Injury, (2
Indirect Contact Injury, (3> Noncontact Injury, and (7Y Unknown
Source

Seat Performance
Reported no failure - Seats so badly burned can’t confirm by
photos.

MI SC INFORMATI ON
V21988 GMC Safari Uan - Weight 3655 1 bs. = Del ta ¥ 34 mph
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CASE 90-12-191

CASE UEHI CLE : 1989 Chevrolet Corsica, 4=-Door(U2)
CASE VEHICLE WEIGHT: 2595 Ibs.
CASE VEHICLE DELTA V: 14 mph

CIRCUMSTANCES

Vehicles 1 and 2 were traveling on a four lane, two way, highway
in the second lane. V2 stopped to turn left when hit in rear by
Vi. The front seats of VY2 were bucket seats with adjustable
headrests. There was no reported damage to the headrests. Both
front seats were deformed approximately 45 degrees by the
occupants. WMZ2received moderate rear damage in the crash.

The case vehicle was equipped with automatic belts. It was
reported that the right front passenger’s belt “jammed in door”.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX : Femal e
AGE: 42
HEIGHT: 59 in.
WEIGHT: 190 Ibs.
RESTRAINT USED: Automatic Bel t

INJURIES AlS D/ (%5 PROBABLE SOURCE
Strain, Neck | 3 Noncontact
Contusion, Leg 2 | Lt. Instr. Panel

SEATING POSITION: Right Front Passenger
SEX: Female
AGE: 69
HEIGHT: 60 in,
WEIGHT: 140 Ibs.
RESTRAINT USED: Automatic Bel t

INJURIES AlS D/1C(%) PROBABLE SOURCE
Strain, Neck | 3 Noncontact
Contusion, Whol e Body | | Seat Back

(¥) D/1 Direct/Indirect Injury = <¢1) Direct Contact Injury, and
(3> Noncontact Injury
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CASE 90-12-191 (CONT?

SEAT PERFORMANCE

60th f ront seats. deformed by impact of occupant.

MI SC INFORMATI ON

Ul - 1982 Chevrol et Chevette
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CASE 90-12-192

CASE UEHI CLE: 1988 Ford Escort , 2-Door (U2
CASE VEHI CLE WEI GHT: 2187 1be.
CASE VEHICLE DELTA V:1é mph

CIRCUMSTANCES

Vehicle 1, traveling on a two-way, four lane road rear ended U2,
which was stopped in the left turn lane. &1 1 occupants were

bel ted. WV2received moderate rear damage. The front seats in V2
were bucket seats wi th folding backs. The headrests were
adjustable with no reported damage. The driver’s seat was
deformed rearward approximately 45 degrees. The driver lost six
days work as a result of the accident.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Male
AGE: 29
HEIGHT: 75in.
WEIGHT: 234 Ibs.
RESTRAINT USED: Automatic Shoulder Belt + Manual Lap Belt

INJURIES RIS D/IC¥% PROBABLE SOURCE
Laceration, Face ! 1 . Steering Wheel
Contusion, Face | 1 Steering Wheel
Strain,Neck ! ! Steering Wheel

(¥3D/I Direct/Indirect Injury - <¢1>Direct Contact Injury

SEAT PERFORMANCE
Driver’s Seat — Deformed by occupant impact
Right Front Passenger’s Seat — Unoccupied - No Failure

MISC INFORMATION
Vi - 1976 Mercury Bobcat - Weight 2773 Ibs. — Delta ¥V 13 mph

Case So-12- 192
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CASE 90-90-71-203

CASE UEHI CLE: 1986 Pontiac Grand Am, 4=Door{(V1)
CASE VEHICLE WEIGHT: 2565 1 bs..
CASE VEHICLE DELTA V: 11 mph

CIRCUMSTANCES

Vehicle 1 had stopped on a two-lane undivided highway waiting to

turn left into a driveway. WV2struck Viin rear. Both vehicles
were towed. AIll occupants were transported to the hospital and
released. There were four occupants in Vi. Bothfront seat

occupants were using their lap/shoulder belts. Both rear seat
occupants were using their lap belts. The front seats of V1 were
bucket seats with folding seat backs. The headrests were
adjustable with no damage. The driver’s seat was deformed by
impact of occupant and it was. noted that the seat adjusters
failed. The right front passenger seat was deformed by impact of
the occupant . The front seats had yielded rearward approxitely
25-30 degrees. There was no reported rear seat failure. There
was moderate damage to the rear of VU1, The 1 ef t rear passenger
lost two days work amd the right rear passenger lost seven days,
The right rear passenger was sitting turned to the right before
the accident.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Female
AGE: 17
HEIGHT: 64 in.
WEIGHT: 165 1bs.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES AlS D/I1 (%5 PROBABLE SOURCE
Head, Contusion 1 1 Headrest
SEATING POSITION: Right Front Passenger
SEX: Femal e
AGE: 17
HEIGHT: 62 in.
WEIGHT: 100 Ibs.
RESTRAINT USED: Lap/Shoulder Bel t
INJURIES AlIS D/I1 (¥ PROBABLE SOURCE

Neck, Strain | | Headrest
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CASE 28-71-283(CONT)>

SEATING POSITION: Left Rear
SEX: Female
AGE: 16
HEIGHT: 66 in.
WEIGHT: 120 1bs.
RESTRAINT USED: Lap Belt

INJURIES Als D/1(K) PROBABLE SOURCE
back, Strain 1 | Seat Back
Back, fracturedl(¥¥ 2 | Seat Back

(¥¥%) Possible wedging of T-6, T-7, and T-8.

SEATING POSITION: Right Rear
SEX: Femal e
AGE: 17
HEIGHT: 64 in.
WEIGHT: 115 Ibs.
RESTRAINT USED: Lap Belt

I NJURIES AlS D/1C%D PROBABLE SOURCE
Head, Concussion (Mild)1 | Headrest
(¥)>DsIDirect/lIndirect Injury - (1) Direct Contact injury

SEAT PERFORMANCE

Driver's seat — Deformed by impact of occupant and seat adjusters
failed.

Right front - Deformed by impact of occupant

Rear seat — no failure

MISC INFORMATION
V21984 Pontiac J2886 Sunbird

& Qp-7/-Z53
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CASE 88-47-223

CASE UEHI CLE: 1985 Honda Prelude, z-Door(U1)
CASE UEHI CLE WE1 GHT: 2266 1 bs.
CASE UEHICLE DELTA V: 19 mph

CIRCUMSTANCES

Uehicl e 1 was stopped because i t was just previously involved in a
frontal impact . VY2 struck VY1in rear. Ul’s front seat was a
bucket seat with folding back. The headrests were adjustable and
not damaged. There was no damage to either front seat. The
driver of Vilost two days work as a result of the accident.

RESTRAINT AND INJYRI ES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Female
AGE: 38
HEIGHT: 68 in.
WEIGHT: 150 Ibs.
RESTRAINT USED: Lap/Shoulder Bel t

INJURIES Als D/1 (¥) PROBABLE SOURCE
Head, Laceration 2 1 Lt. "B"Pillar
Shoulder, Contusion 1 1 Lt. "B"Pi 1 lar

(¥) D/ | Direct/InditectInjury - (1) Direct Contact Injury, and
(2> Indirect Injury

SEAT PERFORMANCE
Neither the driver’s or unoccupied right front seats were damaged.

MI SC INFORMATION
V21976 Chevrolet Laguna - Weight 4061 Ibs. -= Delta V11 mph

Cnhnse 88-47-225

\/z x>\/l




CASE 90-45-241

CASE VEHI CLE: 1989 Ford Tempo, 4-Door (UZ2)
CASE VEHICLE WEIGHT: 2587 1 bs.
CASE VEHICLE DELTA V: 16 mph

CIRCUMSTANCES

Vehicle 2 was stopped on a two lane road waiting for traffic to
clear when it was rear ended by V1. V2 was pushed into the lane
of oncoming traffic when hit in the front left corner by V3. The
front seats in VY2 were bucket seats with folding seat backs. The
headrests were adjustable with no damage reported. The VU2
driver’s seat was deformed rearward approximatel y 20 degrees
beyond normal. The driver of VY2 lost 10 days work as a resul t of
the accident.

RESTRAINT AND INJURIES

CASE UEHI CLE
SEATING POSITION: Driver
SEX: Female
AGE: 39
HEIGHT: 61 in.
WEIGHT: 220 Ibs.
RESTRAINT USED: Automatic Shoulder Belt + Manual Lap Belt

INJURIES AlS D/1C¥) PROBABLE SOURCE
Fracture, Clavicle 2 | Belt Webbing
Contusion, Ankle 1 1 Foot Controls

(¥ D/1 Direct/Indirect INJURY - ¢1)Direct Contact Injury

SEAT PERFORMANCE
Driver’s Seat - Deformed by impact force

MISC INFORMATION
V1l - 1978 Chevrolet Camero - Weight 3537 1 bs. = Del ta V 12 mph
VU3 - 1987 Dodge Ram 150 Truck - Weight 3450 1 bs.

Case 90-95-24/
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CASE 81-584

CASE UEHI CLE: 1989 Ford Escort, 4-Door (U2
CASE VEHI CLE WE1 GHT: 2313 Ibs.
CASE VEHICLE DELTA V: 18 mph

CIRCUMSTANCES

Vehicle 2 was stopped at a traffic signal in the second lane. V2
was also stopped next to ¥3in the center left turn lane. VI
impacted V2 from the rear and then side swipped V3. VZrotated
188 degrees cl ockwise on impact . AIll occupants were belted. VI
and V2 were towed from the scene. V3 was driven from the scene.
The driver of U2 was transported to the hospital and released.

The case vehicle’s front seats were bucket seats with folding seat
backs and adjustable headrests. There was no damage reported to
the headrests. The driver’s seat rotated aft approximately 45
degrees.

RESTRAINT AND INJURIES

CASE VEHICLE
SEATING POSITION: Driver
SEX: Male
AGE: 27
HEIGHT: 71 in.
WEIGHT: 165
RESTRAINT USED: Manual lap belt + Automatic shoulde, belt

INJURIES AIS D/1 (%> PROBARBLE SOURCE
Strain, neck ! 3 Impact Force
Laceration, Knee ! 7 Unknown

(¥ D/ Direct/Indirect Injury = (1) Direct Contact Injury, (3
Noncontact Injury, and (7> Unknown Source

SEAT PERFORMANCE
Driver’s Seat - Seat back folding locks failed
Right Front Passenger’s Seat - No Failure

MI SC INFORMATION
V11998 Chevrolet Storm - Weight 2282 1bs. - Delta V 18 mph
V31989 Chevrolet 1588 Pickup



' )

-

N
SV
\v,
(\
PaN

{

]
%
¢
X

\/l D.\:_._;'_a .
G EANIPN
S .§> \.\z’__‘ S
<z, vVZ|

Seaets Following Iﬁ?pac‘f'

—— I WA U W W W UER I U uay S A T S W e mam



APPENDIX E
Rear Seat Occupants

in Forty-nine Rear Impact Cases
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RExR SEAT QCCUPENTS

There were caxeec in which the case vehicles. contained rear
ceat occupants. Follaowingicsareviewofoccupantand seat
perf crmance in these accidents.

CwEE 22-41-072 - 1987 Ford Taurus. — De 1 t a v 28 mph

There were three occupants in the rear seat! al 1 unrestrained?
ages 47 to 74, The rear seat was intruded from the rear. The
driver’s seat was ¢ 1 i ght 1l vy deformed rearward . Al 1 three occupants
were struck in the back by the back of the rear seat. The left
rear passenger received a back strain from the rear seat back and
4 Knee con tuzi on f r oam the front seat back . The cen ter rear
paszsencer received a fractured pelvis. and cantusion of the abdomen
trom the rear =zeat back plus many injuries of unknown source, many
of which caol d be from the front =zeat back. The right rear
passenger received catastrophic inmjury from the rear ==zt back and
dised as a recsult of theb.e injuries,.

Zince there were many unknown injury sources in thiz case, it is
hard to determine if the rear seat occupants contributed to front
ze.at cccupant in.Jury. It is doubtful that the front seat
CGCCupan ts contributed to the rear seat occupant5 injuries..

CHSE #R-47- 108 - 1588 Ford Tempo — Del t a VY 3 1 mph

Ther~ewere twoxoccupante in therear ceat. “ S3dyearcldmale,
restrzinsed, was in the left rear seat. He recesived in_juri¢== -From
tkoth the back of the front seat and the rear seat back. A Z& year
ol d female, unrestrained, was in the right rear seat. She
received minor Knee and leg injuries from the back of the front
seat. Itisc doubtful ‘that the rear seat occupants caused any
injury to the front seat occupants. The right front seat rotated
rearward about 28 degrees.

CAZE PB-45-2582 - 1%78é& Chevrol et 3pectrum ~ Del ta Y 3% mph
Therewere twooccupants in therear seat. & lap kel ted three
wesr oldwas in the left rear =zeat anda lapbeltedfivevear old
in the rightrear s2at. The three vyear old received minor
injuriss from the rear cext and the'f ive vear oldwas not
injuried. There appears to be norear =eat injuries from the

front ceat back and it is not apparent that the rear s=a
osccupants caused fraont seat injury.

Cace 78-71-263 - 172& FPonti ac Grandam - Del ta U 11 mph
Therewere two lapbeltedoccupants in there.ar seat. Asixzteen
vear old in the left rear and a sewventeen year old in the right
rear . The 1 ef t rear occupant received a back fracture from the
rear seat back. The right rear occupant received a mi 1 d
concussion from the rear seat headrest. The front seat yi el ded



Pase 2

rearward approximatel v 36 degrees. It appears that neither the
vielding front seats or the front seat cccupan ts had any i nf 1 vuence
on rear seat cccupant injury, or vice wersa.

1az - 1%38 YW Rabbit - Delta V4 2 mph )
There was one rear ceat accupant , an ei gh teen wezr old 1 ap bel ted
female inthe right rear seat. The cccupant received many minor
injuries from the front seat back and a pelvis and back fracture
from ‘the rear seat back. The right front occupant received a
rnoncontact neck fracture and unknown injuries from an unlknown

zource, and died from mu 1 ti fl e in ternal injuriecs. It iannot be
determined if the rear seat occupant contributed to the front seat
cccupant..s unknown injuries but it ies doubtful if she did.

CASE 7e-1Z2-12% - 19858 Buick SKyhawk - Delta V1S m p h

Therewere twao ociwuwpants in the rear seat. A four year oldin the
1 eftrear and a five wear cld in the 1 ef t rear, both 1 ap bel ted.
The 1 ef t rear occupant received a head burn from the front seat
back. The right rear occcupan t received a minor head abrasion from
the rear ceat back. The driwver’ s seat yielded approximately 45
degreee and could have contributed to the rear Occupant’s injury.
There was no right front cccupant. The 1 ef t rear occupant did not
contribute to the driver’'s injuries.

CwESE g&~-Se-v48 - 1784 Chewvrol et Cameroc - Del ta UV 25 mph

There were two oaccupants in the rear seat, both 1 &g bel ted. The
i x teen yezr ol d in the 1 ef t rear ceat received a head 1 acerat i on
from urknown source! peoscibly the front seat back. The fifteen
year ol d in the right rear received minor face and neck injuries
of unknown source, poesi b1y the f ron t seat back . Baoth front ceats
yiel ded about &@ degrees pocsi b1 Y contributing to the rear seat
GccUpants injuries. The driver and-right front passenger received
injuriee of unknown source. Therefore, it is hard to determine if
the rear seat or rear seat occupants contributed to their
injuries.

CASE 81-831-018 - 1?82 Mercury Capri-Delt a U177 m p h

A 3% year cld 1 ap bel ted f emal e was i n the right rear seat. She
received an AlS Z rib fracture from the front seat back. The
rioht front seat yiel ded about 48 degrees. The right front
¢gccupant received no injuries.
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APPENDIX F
Six Frontal Impacts
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AOCCIDENT CASE REUVIEW
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S51¥ FRONTaL IMPACTS - 1990 N&SS

WITH EMPH&SIS OM

SEAT PERFORMANCE



CHSE #0-S-8Aa3

CAsE VEHICLE: 1783 FLYMOQUTH RELIANT (U1
CASE VEHICLE WEIGHT: 2533 1bs.

CASE WEHICLE DELTA Ve i3 g

CIRCUMETHNMCES

lehicle | was traweling south on a two 1 ane sncw covered road.
The driver lost control, departed from the road, and hit a utility
pole. The driver was restrained by a 1 ap/sshoul der b=l t. The

right front and middle rear paszsengers were unrestrained. The
vehicle contained a =gplit bench seat with adjustable headrests in
the front and a bench seat in the rear. The driver received an
“I3 2 injury andwas in the haspital threeday Sand 12 tten days
at wark, The right front pasenger received Al 5 1 injuries and
1 ast cne day of war K. The rear seat occupant was unijured. It

was repor ted that the seat trackssanchors fai 1l ed. The photos show
no cbwi ou € damage. The righ t tron t of the vehicle contacted pole
and sus tained about Z8 inches of crush.

RESTRAINT &HD INJURIES;

CASEVEH I CLE
SEATING POSITION: Driver
5[:_-;<::Fema le
AGE: 17
HEIGHT:6 5 in.
ME | GHT : 138 1bs.
FESTRAINTUSED: Laps-Shoulder Belt

INJURIES “Is DAl oxd SQURCE
Face, Laceration 2 1 Steering Wheel
Chest, abrasian | P Seat Belt
Head, Concussi an 2 1 Steering Wheel
Face? Fracture 1 1 Steering Wheel
Chest Fracture 3 1 Steering Wheel

SEATING POSITIONM: Right Front Fassenger
SEX: Female
AGE: 1S
HEIGHT: &3 in.
WEIGHT: 138 lbe<.
FESTREASINT USED: None

INJURIEZS “ls DAl oxED SOURCE
Face, Abrasian 1 1 Windshield
Face, Laceration 1 1 Windshield
Knee, Contus=ion 1 1 Ft. Instr. Panel
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CASE fa-S-@aS(Cont)

SESTING POSITION: Middle Rear
SEX: Female
“aGE: L&

HEIGHT: &2 in.
WEIGHT: 148 l1hks=s.
RESTRAINT USED: Wone

Injuries - Nane

(%) [0/ DirectsIndirect Injury - <13 Direct Contact Imijury - (&
Indirect Contact Injurwy

SEAT FERFORMESNCE
Driver’s seat coded zeat
aobwicus damage.

Fight front passenger seat — No Failure
Fear seat - Ko Failure

'
-
(e

rackesanchors failed,. FPhotos show no

Carcec 950-5- £6O5 Pore




WEHICLE

CesE
CoSE WVEHICLE WEIGHT:
C&3E WEHI CLE DELTE W -

CIRCUMSTAMCES

UVehicle | wa

{@33 Honda Accord
2227 lbs
228 mph

trawelinoon a winding road.

Idriver wmas

distracted and ran off road on right. W1 went through fence and

hit 2rn apple tree.

Bcth occupants wers hospl talized. Both the

driver and right front passenger were unrestrained. The front

teats were bucket seatz with folding backs.

The headrects were

adjustable. The driver was horpi talized four davs and the right

frontpassenger twa days
the Occupant fron

the front Houwievrer

The dr iver = €2a t was coded deformed bv
the photos show no

detaormaticn. The vehicle contacted the tree with the left front
and su=tained about £6 imchee of crush.

INJURIES ~MND RESTRAINT

SEATING POSITION
SEX: Female
AsGEE: 18

Dr i ver

HEIGHT: &5 in.
WEIGHT: 118 1 bs.
REZTRA I NT USED: Non =

IMJURIES

Ankle, Fracture
&rm, Fracture

Shoulder, Fracture

Chest, Contusion
Face, Laceration
Face, Laceration
Face, Abr asion
Loawer Limbe, Con
An¥le, Avulsiaon

SEATING POSITION
SEX: Female
“GE: 15
HEIGHT: 63

AIS DAICED

tusi on

- e e e e NIORD O PO
— e e W D e e e e

: Fight Fraont Faszenger

in.

WEIGHT: 185 1 b=.
RESTRASINT USED: MNone

SOURCE

F1 oor FPan
Steering kheel
Steering Wheel
Steering khee
Flwing Slass
Unkncen
Steering Wheel
Left Side
Floor Fan



—_— — U Y T T U T O S T . v TEm W

Cas

KGi

(]
I
n
m
RU
[an)

—d3-gi11{Cants

INJURIES

ace Fracture
ace Laceration
ace, Contusian
ead, Concussian
lbow, COntusian

(¥j DS Direct?Pindirect
Moncontact Injury — (72

SEAT PERFORMANCE

Driver s seat coded deformed oy

no obeelicus deftormaticn.

A15

— PN

—

Injury
Injury

Right front =sezt, no failure,.

e 90-4a-01/

ISEED
D13

~J

- ilj Direct Contact Injury — {3

Unknown

cccupant from fron

Ft.

SOURCE

Insﬁr. Panel
1

Unkrnicuwen

Fhatos <houw



CAHS5E #B-F1-a14

CH5E VEHICLE: 1932 Dodge ariess (WD
CHZE VEHICLE WEIGHT: 2327 .
CAasSE VEHICLE DELTA W: 25 mph

CIRCUMSTANCES

Yehi cl e 1 was northbound on a 2-1 ane, undiwvided road. W2 was
souythbound on the same road . U1l struck’ U2 headon. Y1 rOtated 184d@
dearees icunterclockwise. W2 rotated sliohtly counterclockuwise
and came to rest on the west shoulder, facing south. The front
seat wWaz & benctl seat wi th fol ding back . The headrests wers
adjustable. The report noted that the seat tracks-anchors fai 1 ed
although the phatos showed no failure. The driver uzed his
lzap-shoulder belt. The frontal crush varied from Z8 inches on the
1 ef t to =even i nches on the ri gh t . The driver spent one dav in

the hOspital,
RESTRA INT &MD INJUR TES

CHSE VEHT CLE
SEATING FOSITION: Driver
SEX: Male
~GE: 82
HEIGHT: 74 in.
WEIGHT: 178 lbs,
RESTRAINT USED : Lap-Shou 1 der Belt

INJURIES “I15 DA %] SOURCE
Face, Abrxsion { 1 Steering kheel
Face, Contusion 1 1 Steering WMWheel
Shoulder, Laceration { 1 Seat EBelt

Face, fFesulsian | 1 Steering kheel
Knee, #brasion 1 | Lt. Instr. Fanel
Knee ., C:Ontuszion 1 I 2 =
Knee! COntusiOn | Ctr Instr Fanel
Face, Laceraticon | 1 Steering kheel
Leg « Frtc ture e | SZteering KWheel
c.hest, Contu<sion 3 1 Steering Wheel
Wrist, Contusion 1 1 Lt. Instr. Fanel

(%3 01 Direct/ Indirect Injury = 12 Direct Gontac tInjury

SEAT PERFORMANCE
Seat tracksz. Anchaors fai 1 ed &l though not cbkwvicus from photos.
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E #8-71-018Cant)

(o)l

Cry

MISC INFORMSTION
U1 - 1%8Z Flymou th Reliant — Weigh t , 2327 1 bs, ~ Del taV 2& mph

Case Qo-7/- O/6

Vi =)




|
|
!
|
|
|
|
!
|
|
|
|
|
|
P
|
|
|
|

CHSE FE-82-6

l;l l;l

2
=

CA3E WEHICLE: 1787 Miteubkishi Mirage (W1
CHSE WEHICLE WEIGHT: 2271 1bs
CAHSE VEHICLE DELTS Ve 249 mph

CIRCUMSTANCES

—

Vehicle 1 left roadway and struck & tree. The vehicle contained a
bucket seat wi th a fol ding back. The headrest was adjustable.
The right front seat was coded deformed by the occupan ¢ . The

photos show wery little deformation. Al though the right f ron t
passenger”’s injury was coded an AIS 1, he died of a stomach
hemmaor age, coded (?&r Fatal - RuledDisease. The 1 eft front of

the vehicle sustained 21 inches 0F crush.

CasE VEHICLE
SESTING POSITION: Driwer
SE®: Male
“EE: 3@
HEIGHT: 71 in.
WMEIGHT: 218 1bs.
RESTRAINTUSED st oma tic Belt

INJURIES Als D/I(%ED PROBABLE SOURCE

Ster ing Wheel
Lt. Instr. Panel
Seat Bel t
Steering WMheel

Cheset, Contusiaon
Chest, Abrasion
Wrist, Abrasion
Neck "
Chest, Fracture
Chest, Contusion

O1 — — — =
— s s e

SEATING FPOSITI OM: K1 gh t Fron t
SEA: Male
AEE: 44a
HEIGHT: 64 in.
WEIGHT: 128 1 bs.
RESTR&AINT USED: &u tomat i c Bel t

IMJURIES Als DAl KD FPROERELE Z0URCE
Face, Laceration 1 1 Flwing Glass

(¥ D1 DirectSIndirect Injury — 013 Direct Contact Injurey

SEAT FPERFORMAN CE
Oriver, Mo failure - Fight ¥ront, deformed kv oc c u pan t
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CHESE WEHICLE: 1922 Chrysler LeBaron (W2
Co SEVEHICLE WEIGHT: 286811 be.
CASE VEHI CLE CELTA Wi 16 mph
CIRCUMSTANCES

The accident occurred on an icy 2-1 ane road covered wi th cinders.

W1 was scuthbound, WZ and V3 both northbound. W1 and VZ impacted
1 eft corner to 1 ef t corner. W32 then impacted Y1 front to right
side. The <casewehicle,VZ, contained a bench seat with separate
back cushions. and an adjustabl e headrest. The "Interior” form in
the report coded the =eat no fai 1 ure whi 1 e the “Occupant
faccsessment " form coded the ceat "trackesanchore" failed. The
ptictcas show no observed seat f 2i 1 ure. The driver was. using his
lap'shoulder belt. The frontal crush on UZ varied from 27 inches

on the left to no crush on the right side.

Vehicle 37 seat was al =0 coded trackssanchors fai 1 ed. The =seat
wae a split bench with separate back cushions. Both elderly
occupants were unres=trained and died in the accident. #fAgain,the
phatoz s=haownoseatdamage. V3 sustained about 2@ inches of crush

across the front of the car.i

CaTSE VEHI CLE

SEATING FOSITION: Driver
SEX : Femal e
“GE: S5

RESTEA INT USED © Lap/Shoul derBe 1t

INJURIES A3 DATCED FROBHELE SOURCE
H=ad, Laceration 1 1 Lt. "&" Pillar
Face, Contusicn 1 7 Unkncwn

Face , Lacer at i on 1 7 "

Chest, Cantub.ion 1 1 Steering Wheel
Wrist, Lacer ati on 1 [ Uk mocwan

Head) Fracture 2 1 Lt. "&" Pillar
Hea.d, Concussicn 4 1 " " "
Chest, COntusion 3 | Steering Mhes)
(t-l=st, Fracture KC; 1 " "
Ankle, Fracture 3 7 unkncwn

WEKICLE 3
SEATING FOSITION: Driwer
SEX s Male
“GE: 24
HEIGHT: 74 in.
WEIGHT: 155 1 he. 171
FESTRES INT USEDR @ MHone



INJURIES IS DAICE]

Knee, &brasion 1 i
Forearm, &brasion i
Cheest, Crush & 1

SEATING POSITION: Right Front
SEX: Female
~GE: B
HEIGHT: 64 in.
WEIGHT: 125 1 be.
FESTRE&INT USEDR: Hone

IMNJURIES ~IE DATC%ED

Arm, Asbrasion

Kriee, "

Heck, Unkncwn

Face, &sbrasion
Foot, Unknown

") b -

N e e

Y .

(¥y DS Directsindirect Injury — (13 Dir

Unknown Source
SEAT FERFORMSNCE
V2 - Trackse 4nchaore Failed

W3 - Trackesanchors Failed

MISC INFORMSTIOM

Case 90-7¢-/27

Ford Taurus - Weight Z34% lhke. - Delta U
' Chevrolet Citation - MWeight Z5&&

FROESELE SOURCE

Lt. Inctr. Fanel
Unknown
Steer i ng Wheel

FROBAELE SOURCE
FRt. Instr Fanel

Lnknown

R

Contact Injury - 77

1S mph

Detta W 1% mph
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CASE Fe-9494-12%
CASE WEHICLE: 1935 Cadillac Fleestwood (U2)

CASE WVEHICLE WEIGHT: 4627 lbs.
CASE VCHTTILE DFITE We 21 moh

CIRCUMSTSNCES

Yeh i ¢ 1 e 1 was travel i ng on & 2-1 xne road. WW2Zwastravelinginthe
opposite direction. W2 kegan to drift across the zen ter 1 ine and
struck Y1 head aon. The frontal crush varied from 47 inches on the
left to none on the right. W2 contained a sglit bench seat with
zeparate back cushions and an adjustabl e head rest. The driver
received an &lI3 2 wrist injury and spent one davin the hospital

The right front. passenger received an AIS 2 ankle fracture and
zpent si® days in the hosgital. The right seat mcoved forward
during the impact . The photos shaw wery little forward mowvement
of the seat.

CaZE VEHICLE
SEATIMG POSITION: Driver
SEX: Male
~AGE: &7
HEIGHT: &7 in.
WMEIGHT: 136 lbs.
RESTRAINT USED: Lap~Shou ! der Belt

INJURIES AIS D/ATC%D PROBSBLE SOURCE
Wrist, Abrasion 2 ) Unkrcin

Face, Laceration 1 v "

Head, Concuscsion 1 7 Y

S&ETING POSITION: Eight Front
SEX: Female

AEE: 67

HEIGHT: &% in.

w E I G H T : 17@ 1bs.

FESTRAINT USED @ Laps/Shou 1 der Belt
INJURIES ~IS DAl OxRY FROE~ELE SOURCE
“Ankle, Fracture 3 7 Lk mocaan
Chest, COntusion 2 1 Seat Belt
Wrist, Avuleion z 7 Hnknown
t¥) D1 DirectsIndirect Injury = (1) Direct Contact Injury — 070

Unkrnown Scurce

SEAT PERFORMANCE
Driwvers seatna failure — Right front seat moved forward due to

impact ] 73



CASE ¢8-44-12%{Cant)

MISC INFORMASTION

Wl 1584 Pontiac Grand &am - Meight 2585 lhbe.

CaAse S0-9a-/29

- Delta V 232 mph

v
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